


April 1976

Annual Reports from Principal Investigators

Volume: 1. Marine Mammals

2. Marine Birds

3. Marine Birds

4. Marine Birds

5. Fish, Plankton, Benthos, Littoral
6. Fish, Plankton, Benthos, Littoral
7. Fish, Plankton, Benthos, Littoral
8. Effects of Contaminants
9. Chemistry and Microbiology

10. Chemistry and Microbiology
Il. Physical Oceanography and Meteorology
12. Geology
13. Geology

14. Ice



Environmental
Assessment
of the
Alaskan
Continental Shelf
Volume 7. Fish, Plankton, Benthos,

Littoral

Fourth quarrer and annual reporrs for rhe reporting period ending March i 976,
from Principal Investigators participating in a multi-year program of environmental
assessment reiated to petroleum development on the Alaskan Continental Shelj
The program is directed by the NationaI  Oceanic and A tmospheric A dministration
under the sponsorship of ihe Bureau of Land Management.

ENVIRONMENTAL RESEARCH LABORATORIES / Boulder, Colorado / 1976





Research
Unit Proposer

156/
164

174~

175{

233
d

281 J

282/
301

284 ~

T. S. English (a)
Dept. of  Ocean.
U. of Wash.

D. M. Damkaer (b)
PMEL

J. D. Larrance  (c)
PMEL

R. T. Cooney (d)
lMS/U. o f  A l a s k a

Vera Alexander (e)
lMS/U. o f  A l a s k a

W. T. Pereyra
L. Ronholt
S. Hughes

NMFS/NWFC

W. T. Pereyra
J. E. Reeves
R. G. Bakkala

NMFS/NWFC

Terrence N. Bendock
ADF&G

H. M. Feder
George Mueller
Grant Matheke
Stephen Jewett

lMS/U. o f  A l a s k a

H. M. Feder
lMS/U. o f  A l a s k a

Ronald Smith
Alan Paulson
John Rose

lMS/U. of A l a s k a

CONTENTS

Title

Plankton of the Gulf of Alaska-
Ichthyoplankton

Plankton of the Gulf of Alaska-
Initial Zooplankton Investiga-
tions

Phytoplankton of the Gulf of Alaska

Zooplankton and Micronekton  in the
Bering-Chukchi/Beaufort  Seas

Phytoplankton Studies-Bering Sea

Baseline Studies of Demersal
Resources of the Northern Gulf of
Alaska Shelf and Slope

Baseline Studies of Demersal
Resources of the Eastern Bering
Sea Shelf and Slope

Beaufort Sea Estuarine Fishery
study

The Distribution, Abundance, Diver-
sity and Productivity of Benthic
Organisms in the Gulf of Alaska

A Summarization of Existing Litera-
ture and Unpublished Data on the
Distribution, Abundance, and Pro-
ductivity of Benthic Organisms of
the Gulf of Alaska and Bering Sea

Food and Feeding Relationships in
the Benthic and Demersal  Fishes of
the Gulf of Alaska and Bering Sea

Page

1

31

57

95

163

211

219

243

263

455

471

iii



Research
Unit Proposer

285

318

348

349

356

359

J. E. Morrow
Dept. o f  B i o l o g i c a l
Sci.

U .  o f  A l a s k a

J. E. Morrow
Dept. o f  B i o l o g i c a l
Sci.

U .  o f  A l a s k a

J. E. Morrow
Dept. o f  B i o l o g i c a l

S c i .
U .  o f  A l a s k a

T. S. English
Dept. of Ocean.
U n i v . of Wash.

A. C. Broad
Western Wash.

S t a t e  Col.

T. S. English
Rita A. Homer

D e p t . of  Ocean.
U.  of  Wash.

CONTENTS

Title

Preparation of Illustrated Keys to
Skeletal Remains and Otoliths of
Forage Fishes - Gulf of Alaska and
Bering Sea

Preparation of Illustrated Keys to
Skeletal Remains and Otoliths of
Forage Fishes - Beaufort Sea

Literature Search and Data Conver-
sion on Density Distribution of
Fishes of Beaufort Sea

Alaska Marine Ichthyoplankton Key

Littoral Survey of the Beaufort Sea

Beaufort Sea Plankton Studies

Page

509

521

533

543

579

593

iv



ANNUAL REPORT

Contract #: 03-5 -022 -67-TA8 #4

Research Unit #: 156/164a

Reporting Period: 1 Apr 1975 - 30 Mar 1976

Number of Pages: 29

Plankton of the Gulf of Alaska - lchthyoplankton

T. Saunders English
Department of Oceanography
University of Washington
Seattle, Washington 98195

1 April 1976

REF : A76-33



I. Task Objectives

The task of primary emphasis is to determine the seasonal density
distributions and environmental requirements for principal species of
ichthyoplankton  in the Gulf of Alaska. This program will also cooperate
with the zooplankton program to examine organisms generally larger than
copepods.

11. Field Activities

A. Ship Schedule, Personnel

1.

2a.

2b,

3.

4.

Aeons, 28 August - 15 September 1975. This cruise was
aborted due to engine trouble.

Eh.zrveyor,  29 September - 24 October 1975.
Personnel: all are associated with Department of Oceano-
graphy, University of Washington, Seattle, Washington
98195

Leg I (30 Sep - 10 Ott)

Dr. T. Saunders English, Principal Investigator,
30 Sep - 03 Ott

Mike Macaulay, Graduate Student, 29 Sep - 03 Ott
Rich Mdinney, Research Aide, 29 Sep - 10 Ott
Mike Tomlinson, Assistant Oceanographer, 29 Sep - 10 Oet

Leg II (10 Ott - 24 Ott)
Mike Tomlinson,  Assistant Oceanographer, 10-24 Ott
Rich McKinney, Research Aide, 10-24 Ott

Surveyor, 4 October - 9 October

PMEL personnel also collected samples for us using Puget
Sound ring nets with a mesh size of 211 Bm.

Diseoveper, 21 October - 14 November

PMEL personnel collected samples for us using Bongo nets.

l%eoverer

University of Alaska personnel collected samples for us in
the Bering Sea using 1 m NIO nets and Tucker trawls.

B. Methods

1. Field Sampling

A Jered Oceanographic Winch mounted on the deck was used
exclusively for net work. T)~e drum presently holds approximately
3000 m of 5/16” 3-conductor wire with a resistance of 200 Q. This
wire is run through a block hanging from a hydraulic boom horizontally
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mounted approximately 10 feet above the deck. The hydraulics enable
this boom to be extended eight feet out from the side of the ship. A
stay was used to add strength to the boom during net tows. During the
course of net tows the ship, depending on conditions, was requested to
maintain slow headway. This was accomplished by heading the ship into
the wind and either adding or subtracting turns in increments of five
RPM. Requesting changes required some forethought due to the momentum
of the vessel. The slow response of this vessel (or any vessel of this
size) to the helm is perhaps
towing nets.

The continuous acoustic
Fine Line echosounder  system
ship’s 10° by 20° transducer
When a deep scattering layer
lowered to approximately 0.5
“toad?’) was utilized in some

the greatest difficulty encountered in

surveys were conducted using a Ross 200 A
operating at a frequency of 105 kHz. The
was used while underway and on station.
was seen, the UW’s 10° transducer was
m below the surface. A towed body (the
instances in an effort to use the UW

transducer while underway. The toad was found unsatisfactory because
of rough seas (over 5 feet) ~ speeds of approximately 3 knots, and
possible design problems. In all cases the chart was marked with the
time and date, and, when applicable, the station number, changes in
gain, transducer in use, and other pertinent information.

Horizontal tows were made using the UW 1 m NIO net (571 pm mesh,
4:1 OAR) with a telemetry system furnishing depth (m), speed (m/see),
and two solenoids lor opening and closing the net. The original plan
was to use the ship’s conducting cable on the oceanographic winch;
however, due to a high resistance in the wire, the UW “second wire”
system was used. This system was judged fair because the system is
quite fragile. It was found that drag on the wire at approximately
30 turns (approximately 3 kts) caused the wire to part. The NIO net
is lowered closed to the depth of interest, opened, fished for a
certain amount of time (usually 5 rein), closed, and hauled to the
surface. The samples were placed in 500 ml jars, the jars were filled
3/4 full with sea water , and the sample was preserved with 25 ml of
100% formalin and 10 ml of saturated sodium borate solution. A label
was filled out and inserted in the jar: the jar was filled close to
the brim, and capped for storage. This procedure was used for all of
the UW zooplankton samples.

Double oblique tows were made with Q modified Brown-McGowan (Bongo)
net. For our purposes the opening-closing mechanism was removed. A
2 mm mesh net (5.2:1 OAR) and a 571 pm mesh net (6.7:1 OAR) were used
simultaneously (333 pm nets were not available for our use). The Bongo
frame inside diameter was 71 cm, giving a mouth area of 0.3956 m2.
Centered within the mouth of each net was a General Oceanics Flowmeter
to indicate water volumes. In deep water (over approximately 130 fins)
300 meters of wire were let out at a rate of 50 m/min. This descent
?ate was not always adhered to in seas or swell much over 5 feet. A
rate of 50 m/min often produced too much slack in the wire which then
snapped taut as the stern rose. This was deemed hazardous to both
equipment and personnel. After the wire was out, the net was allowed
to hold for 30 seconds before it was brought to the surface at a rate

.->.,
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of 20 m/min. During ascent, the wire angle was measured every 10 m of
wire recovered. This was accomplished using a telemetering inclino-
meter on loan to the UW from the east coast MMiMAl? group.

2. Laboratory Analysis

In the laboratory, the samples were sorted and the fish
eggs and larvae removed. Identifications were made using dissecting
microscopes.

c. Sample Localities

Stations and ship tracklines are shown in Figs. 1-3 and Table 1.

D. Data collected and analyzed

1. Data collected

See Tables 2-4, summary sheets of net hauls.

2. Data analyzed (number of samples)

a) Surveyor (UW) 88
b) Surveyor (pMEL/NOAfO 33
c) Univ. Alaska 41

III. Results

A. Szwveyor (UW)

Fish eggs and/or larvae were found in 48 of 88 samples. Of
these, 42 samples contained only fish larvae and 12 samples contained
only eggs. A total of 388 fish larvae were distributed in 9 families,
9 genera, and 9 species. A total of 76 eggs were found in 13 samples
(Table 5).

Table 6 lists the eggs and fish larvae by station. Table 7 give~
the identification of fish larvae by station.

B. Su~eyor (pMEL/NOAA)

Forty-three fish larvae and 2 eggs were found in 32 samples.
The eggs were poorly preserved and could not be identified. The fish
larvae were distributed in 7 families, 6 genera, and 6 species (Table
8). Table 9 lists the number of fish eggs and larvae found at each
station; Table 10 gives the identification of fish larvae by station.

c. University of Alaska Bering Sea Samples

of 41
larvae and/or
larvae from 6

samples given to us for identification, 29 contained fish
eggs. Identifications are incomplete, but 302 fish
families and 6 species have been found. Seventeen fish
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eggs found in seven samples have not been iden~ified. Table 11 lists
the fish eggs and larvae found at each station.

IV. Preliminary Interpretation of Results

The continuous sonic survey revealed infrequent layers at depths
around 40 meters. When the NIO net was lowered to this layer a few
copepods, amphipods, an occasj.onal euphausid and some,jelly fish were
caught. These could not account for the entire layer. This indicates
that the echosounder  was detecting small fish capable of avoiding the
net. More frequently, a diffuse layer from the surface to about
30 meters was observed. The distinct dots appearing on the Ross chart
and the lack of targets in the NIO net indicate fish. Diagonal dotted
lines caused by interference from the ship’s 200 kHz Raytheon Fatho-
meter were also seen on the echosounder.

Tow quality of Bongo nets was difficult to control. Based on the
NMFS/SWl?C  coefficient of variation of rates of ascent, the majority of
the tows were unsatisfactory, that is cv > 60%; however, as long as
changes in wire angle are noted and therefore the tow path as the net
ascends, then bias in the sample can be detected and taken into account.
The Bongo net was surprisingly effective in catching fish larvae and
adult fishes such as lantern fish.

‘l’he most valaable piece of information to come from this leg is an
understanding of sampling capabilities.

v. Problems Encountered/Recommended Changes

Most of our problems have been start-up difficulties which have
been settled in the course of our work.

5
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Station

1-10
1-20
1-30
1-40

11-10
11-20
11-30

111-10
111-20
111-30
111-40
111-50

Iv-lo
Iv- 20
IV-30
IV-40

v-lo
V-20
V-30
V-40

Latitude (N)

57” 41.8’
57° 27.3’
57” 13.9’
56° 58.4’

60° 06.1’
59° 19.4’
58° 59.0’

61° 06.4’
60° 33.o’
59° 49.4
59” 18.8’
58” 21.8’

60° 10.0’
60° 05.1’
59° 23.7’
58° 41.3’

59* 47.0’
59° 31.0’
59° 01.0’
58” 39.2’

8

Table 1. Charted Station Locations
(Chart //8500)

Dist
LonRitude (W) (m)

152° 05.0’
151” 27.5’
150° 52.2’
149” 44.3”

149° 24.3’
148° 38.5?
148° 05.5’

146° 21.3’
146° 56.4’
146” 55.3’
147° OO.O’
147” 06.2’

145° 00.0’
145” 00.9’
145° 07.1’
145° 15.7’

139” 45.5’
140° 03.8’
140° 37.2’
141° 02.2’

--
25
24
46

--
57
26

--
43
48
31
58

--
5

42
42

--
18
35
25

Char t
Dt?Dth

(fIll)

50
80

100
2500

30
50

100

110
240
50

100
1200

14
50

100
23fl(3

40
50

100
1500

OriRin

Kodiak

Seward

Valdez

Copper R

Yakutat



Date
. !

2 Ott

2 Ott

2 Ott

5 Ott

5 Ott
&

5 Ott

7 Ott

7 Ott

Time
(ADT)

1030

1320

1430

1300

1400

1450

0507

1619

Station

A

B

c

D

D

D

15

21

PXEL
Station

(19)

(--}

(--)

(l-9)

(l-9)

(l-9)

(15)

(21)

Table 2. W Haul Summary Sheet, Leg I

Bongo Tows

Wire
Haul Latitude (N) Longitude (W) out (In)

1 60° 58.9’ 146” 47.0’ 300

2 60° 32.5’ 146° 50.5’ 300

3 60° 27.9’ 146” 47.6’ 300

4 60° 41.2’ 147Q 40.2’ 300

5 60° 41.2’ 147” 40.8’ 300

6 60° 41.1’ 147° 41.3’ 300

1 60° 57.2’ 148” 07.6’ 300

1 60° 06.3’ 146” 21.8’ 240

First
Wire<”

65

42

30

55

56

62

63

45

Depth Mesh Size (m)
* 571 2@oo

127 1

223 1

260 1

172 *

168 1

141 1

136 1

170 1

1

1

1

*

1

1

1

1

* Haul aborted; PMEL has the sample



Date
(1975)

1 Ott

2 Ott

2 Ott

5 Ott

5 Ott
:4 5 Ott
i -..

Time

QQQ
2107

0855

1621

0845

0906

2112

PMEL
Station Stati.On—  ,-

E (21)

E (21)

F (--)

D (1-9)

9 (1-9)

D (1-9)

Table 2 (cont.). IJW Haul Summary Sheet, Leg I

!710 Tows

Depth
Haul Latitude (N) Longitude (W) (m)

1 61° 06.1’ 146° 20.5’ 19

2 61° 06.6’ 146° 23.1’ 82

3 60” 28.0’ 146” 48.6’ 18

4 60” 41.4’ 147” 40.2’ 30

5 60° 41.2’ 147° 40.6’ 30

6 60° 40.2’ 147” 40.6’ 49

Speed Duration Kesh Size
(mlsec) (min/see) 571um

1.8 5/0 1

1.0 5/0 1

1.4 6/10 1

0.8 11/0 1

1.5 1110 1

? 510 1



Table 3. UW Haul Summary Sheet, Leg II

Bongo Tows—

Date

14 Ott
14 Ott

16 Ott
16 Ott
16 Ott
16 Ott

17 Ott
17 Ott
17 Ott

@ 17 Ott

18 Ott
18 oct

19 Ott
19 Ott

20 Ott
20 Ott
20 Ott
20 Ott

21 Ott

22 Ott
22 Ott
22 Ott
22 Ott

Time
Q!Zl

1624
2107

0846
1705
2007
2043

0813
1445
2011
2104

0809
1641
2023

0833
1827

0821
1100
1504
2054

0804

0814
0920
1233
1630

Sta.

1-10
1-20

11-10
11-20
11-20
11-20

11-30
111-50
111-50
111-50

111-40
111-20
111-20

111-10
111-30

xv-lo
IV-20
IV-30
IV-30

IW-40

v-lo
v-lo
V-20
V-30

Haul

1
1

1
1
2
3

1
1
2
3

1
2
3

1
1

1
1
1
2

1

1
2
1
1

Latitude (N)

57” 41.7’
57° 27.4’

60° 06.1’
59° 21.3’
59’ 21.3’
59” 21.3’

59° 00.0’
58° 22,6’
58° 22.6’
58° 22.6’

59” 19.1’
60° 33.9’
60° 33.9’

60° 06.2’
59° 49.5’

60” 09.1’
60” 05.0’
59° 22.8’
59° 22.8’

58” 40.0’

59° 47.8’
59° 47.8’
59” 30.9’
59° 01.0’

Longitude (W)

152° 05.0’
151” 27.0’

149° 24.1’
148° 39.1’
1~8° 39.1’
148° 39.1’

148” 10.1’
147° 10.0’
147° 10.0’
147° 10.0’

147” 00.5’
146° 51.9’
1L6” 51.9’

146” 23.9’
146” 56.5’

145° 01.s’
145” 01.0’
145° 08.2’
145” 08.2’

145° 15.2’

139° 44.2’
139° 44.2f
140” 02.5’
140° 38.0’

Wire
Out (m)

160
210

180
90

120
120

260
300
300
300

240
300
300

250
120

20
110
300
300

300

130
80

120
220

First
Wire<”

56
74

60
60
50
60

48
60
64
60

58
80
L5

58
73

38
42
67
46

34

67
33
45
65

Mesh Size
Depth (yEl)
-@._ .—571 2000

89
58

90
45
77
60

174
150
132
150

127
52

212

132
35

16
82

117
208

51
67
85
93

1
1

1
1
1
3

1
1
1

1
1

1
1
1
1

1

1
1
1
1



Table 4. UWHaul Summary Sheet, Leg II

MO Tows

Time
m

1505
2152

Depth
(m)

Speed
(m/see)

Dur
(rein)

Mesh Size
571ulnDate Haul Latitude (N)

57° 41.7’
abort

Lon~itude (W)—Sta.

14 Ott
14 Ott

1-10
1-20

1
1

152° 05.0’
-.

49
--

1.3
---

5 1

60° 06.1’
60° 06.1’
59° 21.3’

149’ 24.1’
149” 24.1’
148° 39.1’

16 oct
16 Ott
16 Ott

1043
1115
1636

11-10
II-10
11-20

1
2
1

24
50
37

O.g
-..
1.5

5
5
5

1
1
1

17 Ott
17 Ott

0918
1416

11-30
111-50

1
1

59° 00.0’
58° 22.6’

148° 10.1’
147° 10.0’

55
14

0.8
1.0

5
5

1
1

18 Ott
18 Ott
18 Ott

0857
1548
2153

111-40
111-20
111-20

59° 19.1’
60° 33.9’
60” 33.9’

147° 00.5’
146” 51.9’
146” 51.9’

50
45
20

1.0
1.6
1.2

5
5
5

61° 06.2’
59° 49.5’

146° 23.9’
146” 56.5’

20
45

1.0
0.7

5
12

0914
1758

111-10
111-30

1
1

60° 09.1’
60° 05.0’
59° 22.8’
59° 22.8’

145° 01.8’
145° 01.0’
145” 0s.2’
145° 08.2’

0.9
1.2
0.8
1.0

1
1
1
1

20 Ott
20 Ott
20 Ott
20 Ott

0915
1038
1551
2030

Iv- 10
IV-20
IV-30
IV-30

1
1
1
2

30
50
56
55

5
5
5
5

58° 40.0’ 14.’ 15.2’ 1.0 521 Ott. 0848 IV-40 1

22 Ott
22 Ott
22 Ott

0951
1307
1612

v-lo
V-20
V-30

1
1
1

59° 47.8’
59° 30.9’
59° 01.0’

139° 44.2’
140° 02.5’
140” 38.0’

52
58
48

0.9
0.9
1.0

9
5.5
5

1
1
1
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Table 5. Summary of taxonomic categories of fish eggs and larvae found
in.Bongo and 1 m NIO net samples collected in the Gulf of
Alaska, UWSurveyoP  cruise, 30 September - 24 October 1975

A total of 42 s~mples contained 388 fish larvzc that were identified.
They were distributed into 9 families, 9 genera, and 9 species:

Family Atherimidae

1 speciman, genus?, species?

Family Bathylagidae

31 specimens, Smoothtongue  Leuroglossus  stilbius  schmidti  Rass

Family Clupeidae

2 specimens, genus? species?

Family Cottitiae

8 Blackfin sculpin Malacoeottus  kinca<d< Gilbert & Thompson
5 specimens, gmus?, Gpecies?

Family Gadidae

4 Pacific cod Gadus macrvcsphalus (Tilesius)

Family Myctophidae

4 Smallfin lanternfish Stenobrachius  Zeucospurw (Eigenmann  & Eigenmann)

Family Opisthoproctidae

1 Barreleye Macropina  microstoma Chapman

Family Osmeridae

89 Capli.n Ma220tzzs villosus Muller
93 Longfin smelt Spirinclzz~s  thaleichthys  (Ayres)
45 Eulachou  Thule<.hhhys  pacificw (Richardson)
3 specimens, genus?, species?

Family Scorpaenidae

93 Sebastes SP.
3 elongate larvae with pink pigments
5 compressed larvae with oil globule

There was a total of 76 fish eggs from 12 samples, the diameters ran~ed
from 0.S0 mm to 2.1 mm. 49 eggs measuring 1.67-1.94 mm may be Theragra
chalcogmunma;  3 measuring 2.o mm are P2euron{chthys  decurretis;  24 were not
identified. The egg key is for live materials and could not be used.
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Date

2 Ott 75
2 Ott 75
2 Ott 75
2 Ott 75
2 Ott 75
2 Ott 75

5 Ott 75
5 OCi 75
5 Ott 75
5 Ott 75

7 Ott 75
7 Ott 75
7 Ott 75
7 Ott 75

Date

1 Ott 75

2 Ott 75
2 Ott 75

5 Ott 75
5 Ott 75
5 Ott 75

Table 6. Number of Fish Eggs and Larvae at Each Station

Gulf of }.laska Bongo Tows, Leg I———.-

Time

1030
1030
1320
1320
1430
1430

1400
1400
1450
“1450-1500

0507
0507
1619
1619

Time

2117-2112

0855
1621

0845
0906
2112

HaulS t a t i o n  _

A(1)
A(1)
B(2)
B(2)
c(3)
c(3)

D(4)
D(4]
D{4)
D(4)

15
15
21
21

1
1
2
2
3
3

5
5
6
6

1
1
1
1

N1O Tows

Station Haul——

Pv-1 1

F 2
F 3

D 4
D 5

Mesh Size
(~m}——

571
2000
571

2000
571

2000

571
2000
571

2000

571
2000
57?.

2000

Mesh Size
(Pm)

571

---
---

---

%3E

0
0
0
0
0
0

0
0
0
0

2
0
0
0

w

0

0
0

0
0

D 6 --- 0

Fish or
Larvae

1
4
1
0
3
0

2
3
1
0

8
2
0
1

Fish
Larvae

3

0
17

0
17
5
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Table 6 (cont.) Number of Fish Eggs and Larvae at Each Station

Gulf of Alaska lM NIO Tows, Leg 11

Mesh Size
(urn)

Fish or
ZAarvae

o

3
3
0

0
1

0
4

21

2
0

0
0
0
0

0

1
0
0

Tiine

1505

1043
1115
1636

0918
1416

0857
1548
2153

0914
1758

0915
1038
1551
2030

0848

0951
1307
1612

Station

1-10

11-10
11-10
11-20

11-30
111-50

111-40
111-20
111-20

111-10
111-Ju

IV-10
IV-20
IV-30
IV-30

IV-40

v-lo
V-20
V-30

Haul

1

1
2
1

1
1

1
1
2

1
1

1
1
1
2

1

1
1
1

Date

14 Ott 75 571 0

16 Ott
16 Ott
16 oct

75
75
75

571
571
571

0
0
0

17 Ott
17 Ott

75
75

571
571

0
0

18 oct
18 Ott
18 Ott

75
75
75

571
571
571

0
0
0

19 Ott
19 Ott

75
75

571
571

0
0

20 Ott
20 Ott
20 Ott
20 Ott

75
75
75
75

571
571
571
571

1
0
0
0

21 Ott 75 571 1

22 Ott
22 Ott
22 Ott

75
75
75

571
571
571

0
0
0



Table 6 (cont.). Number of Fish Eggs and Larvae at Each Station

Date——

14 Ott 75
14 Ott 75
14 Ott 75
14 Ott 75

16 Ott 75
16 Ott 75
16 Ott 75
16 Ott 75
16 Ott 75
16 Ott 75
16 Ott 75
16 oct 75

17 Ott 75
17 Ott 75
17 Ott 75
17 Ott 75
17 Ott 75
17 Ott 75
17 Ott 75
17 Ott 75

18 Ott 75
18 @ct 75
18 Ott 75
M Ott 75
18 Ott 75
18 oct 75

19 Ott 75
19 Ott 75
19 Ott 75
19 Ott 7 5

20 Ott 75
20 Ott 75
20 Ott 75
20 Ott 75
20 Ott 75
20 Ott 75
20 Ott 75
20 Ott 75

Gulf of Alaska Bongo Tows, Leg II.

Time

1624
1624
2107
2107

0846
0846
1705
1705
2007
2007
2043
2043

0813
0813
1445
14! ~
2011
2011
2104
2104

0809
0809
lb41
1641
2023
2023

0833
0833
1827
1827

0821
0821
1100
1100
1504
1504
2054
2054

Station.—

I-1o
1-10
1-20
1-20

11-10
11-10
11-20
11-20
11-20
11-20
11-20
11-20

11-30
11-30

111-50
111-50
111-50
111-50
111-50
111-50

111–40
111-40
111-20
111-20
111-20
111-20

111-10
111-10
111-30
111-30

IV-10
Iv-10
Iv-20
IV-20
IV-30
IV-30
Iv-30
IV-30

Haul.——

1
1
1
1

1
1
1
1
2
2
3
3

1
1
1
1
2
2
3
3

1
1
2
2
3
3

1
1
1
1

1
1
1
1
1
1
2
2

Mesh Size
- (Vnl)

571
2000
571

2000

571
2000
571

2000
571

2000
571

2000

571
2000
571

2000
571

2000
571

2000

571
2000
571

2000
571

2000

571
2000
571

2000

571.
2000
571

2000
571

2000
571

2000

%82

o
0
1
0

0
0
0
0
0
0
0
0

3
0

11
0
6
0
2
0

0
0
0
0
0
0

0
0
2

Fish or
Larvae

10
0

185
16

29
3
2
0
0
0
1
0

0
0
0
0
1
1
1
0

1
0
3
0
6
0

1.
0
3

no preserva-
tive

0 0
0 0
0 0
0 0

10 0
0 0

27 1
0 1
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Table 6 (cont.) Number of Fish Eggs and Larvae and Each Statian

Gulf of Alaska Bongo Tows, Leg II

Date

21 Ott 75
21 Ott 75

22 Ott 75
22 Ott 75
22 Ott 75
22 Ott 75
22 Ott 75
22 Ott 75
22 Ott 75
22 Ott 75

Tire

0804
0804

0814
0814
0920
0920
1233
1233
1630
1630

Station

IV-40
IV-40

v-lo
v-lo
v-lo
v-lo
V-20
V-20
V-30
V-30

Haul

1
1

1
1
2
2
1
1
1
1

}fesh Size
(lm)

571
2000

571
2600
571

2000
571

2000
571

2000

0
2
0
0
c)
o
0
0

l?ish Or
Larvae

o
1

3
lt,
o
0
2
0
0
0

. .



Table 7. Identification of Fish Larvae by Station

Date

2 Ott 75

2 Ott 75

2 Ott 75

2 Ott 75

5 Ott 75

} 5 Ott 75.-,
C.i3 5 Ott 75

7 Ott 75

7 Ott 75

7 Ott 75

Time

1030

1030

1320

1430

1400

1400

1450

0507

0507

1619

Station Haul— .

A(l) 1

A(l) 1

B(2) 2

c(3) 3

D(4) 5

D(4) 5

D(4) 6

15 1

15 1

21 1

Culf of Alaska Bongo Tows, Lcg I

Flesh Size Fish or
(pm) LarvaeUEEZ— Identification of Fish Larvae

571 0 1 20 mm* Smoothtongue**  Leurog2cwsus  .+lbius Rass

2000 0 4 9 mm Blackfin  sculpin tfalacocottus  k<ncaidi Gilbert &
19, 20, 24 mm L. stilbius Thonpson

571 0 2 11, 21 mm M. kinca<di

571 0 3 18 mm M. kincaidi
6, 6.5 mm Cottids

571 0 2 22, 24 mm L. sti’lbius

2000 0 3 16, 1.9, 20 mm L. stiZbius

571 Q 1. 21 mm L. stilbius

571 1 8 6 (20-27 mm) L. stil%ius
9 mm Caplin  MaZlofms vi220sus
62 mm Smallfin  lanternfish Stenohrach<us  Zeucosparus

Eigenrnann  & Eigenmann
2000 0 2 25, 28 mm L. stilbius

2000 0 1 25 mm L. stilbiw

* men there are one to three specimens, the standard lengths or notochord lengths are recorded. If more than
three specimens, the standard length or notochord length of the smallest and the largest are recorded. Standard
length is from the snout tip to the end of the hypural  plate; norochord length is from the snout tip to the end Of
the’notochord.

** Comon ~ame is presented  for the first time for each sPecies, thereafter only scient~fic name is recorded with
the genus name abbreviated.



Date

14 Ott 75

14 Ott 75

14 Ott 75

16 Ott 75

16 Ott 75

16 Ott 75

16 Ott 75

17 Ott 75

17 Ott 75

17 Ott 75

Table  7

Time Station

1624

2107

2107

0846

0846

1705

2043

0813

1445

2000

1-10

I-20

1-20

II-10

II-10

11-10

II-10

IIT.-3O

111-50

111-50

Haul

1

1

1

1

1

1

3

1

1

2

(cont.). Identification of Fish Larvae by Station

Gulf of Alaska BonEo Tows, Leg II

Mesh Size
-JJZJ--

571

571

20D0

571

2000

571

571

571

571

571

EJ&

0

1

0

0

0

0

0

3

11

6

Fish or
Larvae

10

185

16

29

3

2

1

0

0

1

Identification of Fish Larvae

6 (10-27 mm) klaZ20tus  villosus
3 (5 mm) Sebastes  sp.
4 mm filaZacocottus  kincaidi

48 (10-24 mm) M. villosus
55 (8-36 mm) Spirinchus  thaZeichtkys
82 (6 mm) Sebastes sp.

9 (19-22 mm) !4. vi220sus
4 (21-40 mm) S. thaleichtkw
5  mm Sebastcs  sp.
7 mm elOngate wlc pink pigments
11 mm compressed larva w/c oil globule

4 (4 mm) Sebastes
8 mm Cottid
4 mm Gadxs macrocephulus
? (15-30 mm) M. Vizzosus
17 (20-24 mm) ThaZeichthys  pacif$cus
20 mm smeltlike

2 (18 mm + % fish) M. vilZosus
23 mm !?. paci~~c%s

16, 21 mm M. viZZosus

9 mm damaged compressed larva
larva w/c oil globule

12 mm Barreleyz Macropina  microstoma  Chapman



Table 7 (cont.). Identification of Fish Larvae by Station

6a3
b

Date

17 Ott 75

17 Oct. 75

18 oct 75

18 Ott 75

18 Ott 75

18 Ott 75

19 Ott 75

19 Ott 75

20 Ott 75

20 Ott 75

20 Ott 75

21 Ott 75

21 Ott 75

Time

2000

2100

0809

1504

1641

2023

0833

1827

1504

2054

2054

0804

0804

Station— .

111-50

111-50

111-40

IV-30

111-20

111-20

111-10

111-30

IV-30

IV-30

IV-30

IV-40

IV-40

Gulf of Alaska Bongo Tows, Leg II

Haul

2

3

1

1

1

3

1

1

1

2

2

1

1

Mesh Size
-J.!@!-

2000

571

571

571

571

571

571

571

571

571

2000

571

2000

~

0

2

0

12

0

0

0

2

12

27

0

6

4

Fish or
Larvae

1

1

1

1

3

6

1

3

0

1

1

0

1

Identification of Fish Larvae

54 mm Stenobrochius  Zeucosparus

32 mm S.leucosparus

5 mm M. kincaidi

10 mm compressed larva w/c oil globule

18 mm M. kincaic?i
22 mm M. Villosus
14 mm clupeid

16 mm M. kincnidi
4 (20-27 mm) S. thzi?eichthys
6 mm Sebastes  SP .

19 mm Leurogzossus  stilbius

10 mm clupeid
25 mm S. thaZe<chthgs
11 mm compressed larva

56 mm S. Zeucosparus

16 mm Sehastes sp.

29 mm L. stilbius



Table 7 (cont.). Identification of Fish Lamae by Station

Gulf of Alaska Bongo Tows,Leg  II—- .

Mesh Size Fish Or
~ ~ Station Haul (pm) ~ Larvae Identification of Fish Larvae

22 act  75 G814 v-lo 1 571 0 3 34, 36 mmS. i%aZe{chthys
24 mm T. pac~ficus

22 Ott 75 0814 v-lo 1 2000 2 14 31-42 mmS. tkzZeichth3s

22 Ott 75 1233 v-lo 1 571 0 2 8 mm Sebastes SP.
12 mm Atherinid?

?3
R5



Date

1 Ott 75

2 Ott 75

5 Ott 75

Table 7 (cont.).

Mesh Size
Time Station liaul (vm)— —  — .

2117 Pv-1 1 571

1621 F’ 3 571

0906 D 5 571

pa
(.J

5 Ott 75 2112 D 6 571

Identification of Fish Larvae by Station

lM NIO Tows, Leg I

Fish or
Larvae!UX.E_ Identification of Fish Larvae

o 3 26 mm Longrin smelt Spiz’{nchusi:l/aleLclztllys(Ayres)
?.8 mm Eulachon Thaleichthys  pacificus  (Richardson)
13 mm damaged elongate larva

o 17 9 (10-17 mm) M. ViZZOSUS
7 (9-14 mm) S. thaZeichtlnts
6 mm Cottid

o 15 7 (11-15 mm)
3 (15 ml) r.
5 (16-28 mm)
6 mm Cottid
5 mm Pacific

5 (16-28 mm)o 5

M* Vii!losus
pacif<cus
L. stilbius

cod Gadus  macrocephuZus (Tilesius)

L. stiZbius
E



Date

16 Ott 75

16 oct 75

17 Ott 75

18 oct 75

18 oct 75
A)
&

Time

1040

1107

1416

1543

2153

Table 7 (cont.). Identification of Fish Larvae by Station

IM NIO Tows, Leg II

Mesh Size
Station Haul (~m)— .  — ~

11-10 1 571 0

11-10 2 571 0

111-50 1 571 0

111-20 1 571 0

111-20 2 571 0

19 Ott 75 0910 111-10 1 571

20 Ott 75 0915 IV-10 1 571

21 Ott 75 0843 IV-40 1 571

22 Ott 75 0946 v-lo 1 571

0

1

1

0

Fish or
Larvae

3

3

1

4

2

0

0

1

Identification of Fish Larvae

3 (5 mm) G. macrocephaZus

5 mm !4. ?&tca<di
4 mm elongate larva w/c pink pigments
17 mm elongate smelt

9 mm compressed larva w/c oil globule

18 mm I. pacifieus
~ tail s e c t i on smelt-like
22 mm L. stilbius
28 mm S. tkaZeichth~s

16 (l9-3o mm) S. thaleichthys
3 (18, 19, 20 mm) 1. pac~ficus
19 mm M. villosus
1 head unidentified

19 mm M. vi_ZZosus
16 m I. pacificus

6.5 mm I. pacif<cus
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Table 8. Summary of Taxonomfc Categories of Fish Eggs and
Larvae Found in PMEL/NOAA Gulf of Alaska Survegor Samples

A total of 3.2 samples contained 63 fishes and 2 fish eggs.
The fishes were distributed in 7 families, 6 genera, and 6
species as follows:

F~.mily Bathylagidae

14 Smoothtongue  Leurog20ssus  stilbius  schmidti  Rass

Family Blenniidae

7 specimens genus? species?

Family Myctophidae

1 Smallfin lanternfish  Stenobrachius  Zeucospmus
(Eigcnmann  & Eigenmann)

Family Osmeridae

5 Capelin  llalZotus  Vil?osus  Miiller.
5 Longfin smelt Spirinchus  thaleichthys (Ayres)
2 specimens genus? species?

Family Pleuronectidae

1 specinan  genus? species?

Family Stichaeidae

2 Whitebarred prickleback  F’orocZ{nus rotln-ocki Bean

Family Zoarcidae

6 Pallid eelpout Lgcodapus  mandibuZur& Gilbert
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Table 9. PMEL/NOti Gulf of Alaska Survegor Samples

Puget Sound Closin; Net (211 pm)

Date Time

Ott 4 75 1350
1854
1846
1929
1942

Ott 5 75 2355
0502
0521
1722
1750
1922
211?

Ott 6 75 0327
0424
0504
0525
0545
1058
1651
1912
2145

Ott 7 75 0228

Ott 8 75 0510
1237
130s
1734
1808
1814
2026
2041
2209

Ott 9 75 0114

Station

2
3
3
3
3 /,

4
5
5
7
7
7
8

9
9
9
9
9
9

13
11
16

15
18

22
24
24
26
26
26
27
27
28
29

Sample

9
13
14
17
18

22
27

:;
40
43
44

50
51
52
53
55
59
65
69
73

81
90

107
114
117
123
124
125
127
128
133
136

Depth
(In)

331-99
730-492
500-300
50-25
25-O

100-48
300-95
100-25
500-293
300-100
25-O

735-485

74(3-453
500-293
300-100
100-50
25-0
25-O

570-98
551-100
400-100

350-98
390-100

100-50
210-92
25-O

100-50
50-25
25-O

100-49
50-25
25-O

100-47

EJ&

o
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0
0
0
0

:

0
0

0
1
0

;
o
0
0
0
0



Table 10. Identification of Fish Larvae by Station

~

4 Ott 75

5 Ott 75

6 Ott 75

7 Ott 75

8 Ott 75

~

1350
1854

1846
1929

1942

2335
0502
0521
1722

1750
1922

0327

0424
0504
0525
0545
1058
1651
1912
2145

0228
0943

0510
1237
1308
1734

Station

2
3

3
3

3

4
5
5
7

7
8

9

9
9
9
9
9
13
11
16

15
18

22
24
24
26

PHEL/NOiul Gulf of Alaska Surveyor Samples

Puget Sound Closing Net ( ._211 pm)

&!r!k

9
13

14
17

18

22
27
28
39

40
44

50

51
52
53
55
59
65
69
73

81
90

107
114
117
123

!ElxLkl
331-99
730-492

500-300
50-25

25-O

100-48
300-95
100-50
500-293

300-100
735-485

740-453

500-293
300-100
100-50
25-O
25-O

570-98
551-100
400-100

350-98
390-100

100-50
210-92
25-O

100-50

~

1
1

1
i

1

1
1
2
2

3
1

2

1
1
1
1
1
2
1
1

1
1

1
1 eZg

1
1 egg

Identification of Eg~ andlor Fish Larvae

:5.o RUII* Smoothtonwc LcurogZossus stiZbius Rass
70.0 mm Pallid eelpout  L?jcodapus  mcndibuh.ris

Gilbert
6.4 mm Osmeridae genus? species?
14.0 mm Longfin smelt SpiP<xchUS thaZeich$k~s

(Ayres)
15.0 mm Osmeridae genus? species?

20.0 mm Leurog20ssus  stiZbius Rass
23.0 mm Leurogzossus  stilbius Rass
22.o mm Leurog20ssus  stLZbius Rass
30.0 mm Leuro~gZossxs sti13ius Rass
40.0 mm Lycodapus rmnc?ibularis  Gilbert
23.0, 27.0, 28.0 mm Leuroglossus  stiZbius Rass
29.0 mm MAroglossus  stizbius  Rass

28.0, 36.0 nun Whitebarred prickleback  PorocZinus
rothrocki  Bean

68.o mm Lycodapus mandibularis  Gilbert
26.0 mm LezrogZossus s$iZbius Rass
25.0 mm LeuroGZossus stilbius Rass
15.0 mm Spirinc?ms  tha2eichthys  (Ayres)
5.6 mm Blenniidae?
80.0, 95.o mm Lycodczpus  mandibuZaris  Gilbert
72.0 nun Lgcodapxs  mandibuZaris  Gilbert
29.0 mm Leuroglossus  stili3ius Rass

Not seen
14.0 mm Smallfin  Lanternfish  damaged Sitenobrach{us

.zeucosparws(Eigenmann  & Eigenmann)

27.0 mm Leuroglossus  stilbius  Rass
1.51 mm diaxeter with oil droplets
5.0 mm Blenniidae? similar to #59
1.44 mm diameter with oil droplets
24.0 Caplin  M~ZZotus viZlostis  lWU.er



NJ
al

Date Time Station

Table 10. Identification of Fish Larvae by Station
PMEL/NOAA Gulf of Alaska Survq-joP Samples

Pu6et Sound Closing Net (211 Urn)—

Sample Depth (m.) No— Identification of Egg and]or Fish Larvae

8 oct 76 1808 26 124 50-25 3 3.20, 4.0 mm + tail section
Blenniidae  similar to #59

1814 26 125 25-O 2 16.0 mm Mallotw vi220sus }Ii.iller
27.0 mm Spirinckue  ~?azeickthy.s  (Ayres)

2026 27 .127 100-49 1 4.0 rm Blenniidae  similar to #59
2041 27 128 50-25 1 13.0 mm Pleuronectidae
2209 28 133 25-O 2 24.0, 16.0 mm Spirinchus  -thcleichthys (Ayres)

9 Ott.76 0114 29 136 100-47 3 13, 14 mm MaZZotus viZZosus Mtiller
4.Omm Blenniidae  similar to #59

* ~eaaurenent  for f~s~ larvae is the standard length or notochord  length when the hypural plate is not
formed. Measurement for egg is the diameter of the egg.
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Table 11. Number of fish eggs and larvae per station
University of Alaska Bering Sea Discoverer Samples

Date

8-v-75

8-v-75

19-V-75

20-v-75

23-V-75

24-V-75

26-V-75

27-V-75

28-V-75

28-v-75

4-VI-75

5-VI-75

5-VI-75

7-VI-75

7-VI-75

8-VI-75

9-VI-75

1O-VT.-75

11-VI-75

12-VI-75

13-VI-75

13-VI-75

Time

0415

0310

1000

2140

1200

1100

0630

Ooc!l

0405

1700

1530

0500

1032

1530

2000

1830

1530

1915

0350

.-

--

1300

Station

16 PWS

17 Pws

5

14

33

35

50

55

60

62

65

70

71

78

79

84

88

94

96

106

107

110

Depth

0-185 M

0-181 ~

--

--

--

68j731+~0

--

--

--

200/10041+~0

--

--

loo/22M+o

780-40M

O-45M

--

O-77M

O-42M

45/51M+o

57/62M+0

48j63H-@

10° Angle

--

%iE

0

0

1

0

2

0

1

8

1

0

0

0

0

0

0

0

0

0

2

0

0

3

Fish or
Ldrvae_—

42

132

0

1

0

2

0

0

0

1

4

1

1

4

23

16

1

19

2

4

2

0

29
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Table 11 (cont.). Number of fish eggs and larvae per station
University of Alaska Bering Sea Discoverer Samples

~~ NIO TOWS
Fish or

Date TirQe Station Depth * Larvae

20-v-75 0210-0230 8T.#2 -- 0 6

21-v-75 0300-0330 16 T.#4 -- 0 7

6-vI-75 0630-0715 74 T.!i13 -- 0 3

15-VI-75 0300-0320 117 T.i/41 -- 0 22

18-vI-75 -- 42 T.#42 -- 0 3

19-VIII-75 2245 T.#11 -- 0 4

25-VIII-75 0350 T.#40 -- 3

,,. .

30
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I. SUMMARY

Zooplankton was sampled during two cruises to the northern Gulf of

Alaska: in Prince William Sound in October, and on the continental shelf

in November 1975. The zooplankton  studies are part of a comprehensive

environmental assessment of the Alaskan shelf, in light of present and

future offshore petroleum resource development.

The fauna of the subarctic Pacific region is not particularly diverse,

when compared to warm-water plankton. Nevertheless, we are dealing, in

the net-zooplankton, with a complex that undoubtedly comprises several

hundred species. We have identified about 100 species from the fall and

early winter. As the study progresses into other seasons, additional

species must be considered. Relatively few species might be treated as

principal components, because of their numbers and mass, or because of

their critical roles in the transfer and conversion of matter and energy

within the ecosystem.

During late 1975, the most common zooplankton species were found to

have vertical distributions fitting into four basic patterns, including

an important group of species that spend the day in deep water, and rise

into the surface layer at night. Though the bulk of the zooplankton re-

mained below 100 m, there appeared to be a sixfold increase in zooplankton

volume above this level during the night. Such active movements must be

considered if the daily and seasonal cycles of distribution and abundance

of organisms are to be adequately assessed. The ‘migrating organisms in-

clude animals which are major grazers and which in turn are major food

items for higher trophic levels, particularly commercial fishes. If

pollutants are introduced into the surface layers,

not be contained, but could quickly be transferred
‘-J~

these active migrations.

the pollutants may

to deeper water by



II. INTRODUCTION

A. General scope of the study

Zooplankton are important components of the environment in terms of

volume, in terms of their roles in the ecosystem, and in terms of probable

sensitivity to the kinds of development anticipated on the Alaska OCS.

Zooplankton are necessary for the maintenance of fish, shellfish, and

other living resources. Zooplankton are also important in the movement

and concentration of environmental contaminants. In the northeastern

Pacific, particularly its estuaries and coastal seas, relatively little

is known of the distribution and abundance, seasonal cycles, or vertical

distributions and migrations of zooplankton.  Assessments of these factors

are necessary for the study of ecological processes relevant to environ-

mental problems.

B. Specific objectives

The objectives of this project are to determine the seasonal distri-

bution and abundance of zooplankton in selected areas of the Gulf of Alaska.

Particular attention is being given to the distributions of copepods (the

most abundant net-plankton and the key grazers), amphipods and euphausids

(important food for fishes), chaetognaths (key carnivores), larval decapods,

and some other groups. All major taxa are enumerated as such whether or

not the individual species can be identified. This work will lead to

development of a monitoring strategy. Also, it will ultimately contribute

to an ecosystem model by defining pathways and amounts of energy or material

flow and indicating the relative importance of the several populations.



c.

ment

Relevance to problems of petroleum development

There is no doubt that we would be indifferent to the marine environ-

were it not for the living systems it contains and supports. Except

for possible esthetic effects, we would not be concerned about physical

degradation ofan environment without life. But our coastal waters do

contain living things, in a great variety and abundance, many of which

are utilized directly as valuable foods, and all of which, indirectly or

directly, are part ofa single closely-integrated environmental system.

Exploration for and production and movement of oil on the continental

shelf holds potential dangers for these sensitive organisms. Among these

organisms, the zooplankton hold a major position. Many organisms are

planktonic for their entire life cycle, and even organisms which are not

usually thought of as plankton pass through critical early life stages

in the plankton. For example, intertidal animals; which might be killed

due to local disturbances, are dependent on distant breeding stocks for

their recruitment, the new colonizers coming via the plankton. Most

benthic  and nektonic organisms have planktonic eggs and/or larval stages.

These early stages are usually more sensitive than the adult forms.

We should be concerned about all levels of pollution and environ-

mental perturbations. The environment need not be so drastically altered

as to kill the plankton outright. The transfer of matter and energy

through the various links of the living system is so subtle that very

minor changes may easily upset the timing of these transfers or the path-

!@Y&(sPecies) On which theY maY occur= A seemingly small change in

timing, or a seemingly insignificant shift in pathways, may drastically

alter the occurrence and cycles of key members of the community.

34



The living systems are as much a part of the environment as are the

more accessible physical features. An environmental assessment must there-

fore take into account the distribution and abundance of the living com-

ponents. Subtle changes in water quality, through any man-caused pertur-

bations, might initially be detected by the response of organisms. Probably

these responses will first be noticed by shifts in the relative abundance

of species, certain organisms being more responsive to change than others.

Such changes are impossible to document solely after the fact.

Under normal circumstances the abundances of plankton organisms are

extremely variable in time and space. Without a long series (several

years) of closely-spaced observations it is not possible to delineate

“typical” or “average” abundances. But with sufficient observations, the

probable maxima and minima can be described, together with statistical

statements as to variability, so that the likelihood of detecting given

numerical changes can be predicted.

Only with such forehand knowledge of community composition and its

variations in time and space could real changes in populations be noticed.

Catastrophic changes are easy to monitor, and normally the environment

is resilient and responsive enough to return relatively soon to a standard

condition once the stress is removed. But a slow and steady degradation

of the environment is the more serious alteration. And it is with such

changes that we should be most concerned. These are the

changes that ultimately would alter the environmental ba”

in a very undesirable and irreversible way.

long-range subtle

ante, possibly



111s CURRENT STATE OF KNOWLEDGE

North of about 45° N, the subarctic Pacific comprises a faunal as

well as a hydrographic region. Most of the zooplankton of the upper

layers are found throughout the subarctic but are not found in the central

North Pacific (below 40° N), nor are many of the southernspecies common

to the subarctic region. In the northeast Pacific, the Gulf of Alaska

is dominated by the cyclonic Alaskan gyre, a tributary of the North Pacific’s

westwind drift. The center of this gyre is characterized by a slight up-

welling, with higher salinities and nutrient concentrations than are found

shoreward and to the south within the Gulf. As in the rest of the sub-

arctic Pacific, there is a permanent halocline at about 100-150 m in the

Gulf of Alaska, and a seasonal (summer) halocline  at about 30-50 m. How-

ever, the permanent halocline is often absent over the shelf in winter,

since the dominant winter winds result in coastal downwelling.  There is

a net dilution of the water mass as it passes counterclockwise around the

Gulf, increasing in the summer at maximum runoff.

The seasonal thermocline varies in depth and extent

but is usually below 25 mthough not below 100 m.

Plankton in the Gulf of Alaska has been studied for

during the summer,

decades, but the

efforts have been irregular and usually limited to near-surface waters in

the summer. We have a fair idea of large-scale faunal distributions in

the water masses of the whole North Pacific, but very little information

on detailed distributions in specific areas within the Gulf of Alaska.

Much is known about the kinds of plankton organisms in the Gulf and,

except for larval stages and a few large

copepods, the general taxonomic  problems

and important groups like cyclopoid

are manageable. However, it is

:~ G



still necessary to be familiar with a diffuse literature when dealing

with the taxonomy of Gulf of Alaska plankton, for there are no comprehen-

sive “keys” for routine identifications.

Because of the irregular space/time investigations, there is not much

information on the dynamics of plankton populations within the Gulf of

Alaska, including seasonal cycles of single species, species successions,

or recruitment. In addition, almost nothing is known about feeding pat-

terns and rates, reproduction and growth, migrations, metabolic processes,

and relative sensitivities. Limits of variability in time and space should

be outlined in such a way that we can specify subsequent sampling efforts

required to detect given changes. This is the fundamental problem and

should be given high priority.

Most of the area’s information is extrapolated from studies at Station

“P” (50° N, 145° M), on the southern edge of the Gulf of Alaska. Studies

at Station “P” have given us a reasonable idea of seasonal cycles of

phytoplankton  and zooplankton in general in this oceanic region, but the

populations

the Alaskan

Though

and their cycles are p robably not equivalent in the waters of

shelf.

it has not been well-substantiated, the “spring” increase in

phytoplankton activity appears to begin in February or March around the

perimeter of the Gulf of Alaska, and advances toward the center until

April or May. This follows from the progression of water-column stability

(Parsons, et al., 1966). In the oceanic region, in the deep water away

from the shelf, there is no sudden increase in phytoplankton biomass as

is typical for other temperate ocean areas (e.g., North Atlantic). This

is due to the life histories of the main species of grazing copepods. In
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the North Pacific these species (Calanus  cristatus and ~“ Plumchrus)  breed

independently of the increase in phytoplankton  biomass, in contrast to

the related species in the North Atlantic whose breeding depends on ana

follows the spring increase in phytoplankton standing stock. Thus, in

the central Gulf of Alaska, the main biomass increase of the spring period

is expected in the zooplankton, not the phytoplankton. One might expect

the typical “North Atlantic pattern” in the shallow shelf waters, since

the critical effect of the large grazers is related to their sudden ascen-

sion from deep waters. The relationship between the phytoplankton and

the zooplankton grazers of the shallow shelf waters, therefore, may in-

clude an important lag-time, enabling the phytoplankton standing stock

to increase abruptly (“spring bloom”), although this has not yet been

well-documented for the Gulf of Alaska.

At the southern edge of the Gulf of Alaska (LeBrasseur,  1965), the

zooplankton  biomass to about 150 m (the total depth is on the order of

4000 m, so that considerable zooplankton mass is not included) declines

to a yearly minimum of approximately 10 g wetweight/1000 m3. In March

there is an increase in zooplankton  standing stock, reaching a yearly

maximum around late May of about 175 g wet weight/1000 m3. Copepods by

far dominate this biomass (greater than 90%), and the increase in the

year’s standing stock is in large part due to the seasonal ascent of over-

wintering populations. The second most abundant group, the chaetognaths,

account for less than 5% of the biomass. Other major zooplankton groups

are euphausids and amphipods. There is a year-to-year variation of roughly

plus or minus 50% of the mean copepod biomass.
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The vertical distributions of zooplankton are very important, for

their occurrence at the surface is often related solely to their vertical

movements. Their horizontal distributions are also determined to a great

degree by the depth ranges occupied. The impact of zooplankton on the

phytoplankton, growing only in the near-surface layer, is controlled by

the vertical distribution of the principal grazers. And the active move-

ment of zooplankton into deep water is a major biological mechanism of

energy and matter transfer in the oceans. The study of vertical distri-

butions of zooplankton in the Gulf of Alaska has barely begun. Most work

is based only on surface samples or on integrated net tows (e.g., 150 m

to the surface). Some data are available on the distributions of deep

water forms, but the only data on the vertical distributions of near-

surface plankton are from the southernedge of the Gulf of Alaska. Barra-

clough,  et al. (1969), for example, have reported Calanus cristatus in a——

dense layer migrating between about 30m (day) and the surface (night).

Marlowe and Miller (1975) have recently investigated summer vertical dis-

tributions of the most common zooplankton of the upper 500 m at Station

“P.” The zooplankton fit into five basic patterns of vertical distribu-

tions. Less than 10% of the species exhibited daily vertical migration

(at that time), but these were large and abundant enough to result in a

significant daily change in surface biomass.

IV. STUDY AREA

Original program guidelines called for broad area coverage a few

times a year. Consequently, the first zooplankton investigation (on

NOAA Discoverer) was to be conducted in the northeast Gulf of Alaska in
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October and November, between Resurrection Bay and Yakutat  (fig. 2). Prior

to that cruise, the Principal Investigator was asked to use the University

of Alaska’s Acona in Prince William Sound, although the cruise ultimately

was undertaken on the NOAA Surveyor, in early October (fig.1 ).

Thirty stations were occupied in the Prince William Sound region

(fig. 1). The first nine stations were at a single very deep locality

well within Prince William Sound, and were” occupied every 4-6 hrs for

48 hrs. This series has given a good indication of the incidence and

magnitude of zooplankton diel vertical migration. The next 20 stations

were at various locations and times throughout the Sound and its major

fjords. Station 30was in the open Gulf at 59° N, 147° W, during the

return to Kodiak. Fifty-two stations were occupied on the open shelf

(fig.2). Two localities were sampled for36 consecutive hrs (fig. 3).

v. SOURCES OF DATA

On both cruises zooplankton was sampled primarily with closing ring

nets of 60 cm diameter and 211 M mesh. These nets were hauled vertically

through strata of varying thicknesses, obtaining discrete samples as follows:

25-O m; 50-25 m; 100-50m; 300-100 m; 500-300 m; the bottom-500 m. In

addition, some samples were obtained with Tucker trawl, NIO net, and

bongo net. In Prince William Sound, 143 zooplankton samples were taken

with the vertically-hauled net, nine with Tucker trawl (by A. Adams,

University of Alaska), six with NIO net, and eight with bongo net (by

Dr. English’s staff). On the shelf, 125 zooplankton samples were col-

lected with the vertically-hauled net and 101 with the bongo net.
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Volume of water sampled was estimated as the product of wire length

and the area of the net, assuming that filtration was 100%. There was

no evidence of mesh clogging.

In the laboratory, each zooplankton  sample is allowed to settle over-

night in a graduated cylinder and the settled volume of the sample is

recorded. The large or otherwise conspicuous organisms are then removed

and enumerated. The smaller organisms are identified and enumerated from

a subsample.

VI and VII. RESULTS AND DISCUSSION

Most of the samples from the Prince William Sound cruise have been

analyzed. Only a few of the samples from the open shelf have been pro-

cessed; the analyses are presently continuing.

In Prince ldilliarn Sound (fig. 1) where the plankton were sampled in

nine vertical series at one deep station (greater than 700 m) during 48

consecutive hrs, the estimated total zooplankton biomass (settled volume)

varied between 0.1 and 7.4 ml/m3. The average vertical distributions of

zooplankton volume from three day samples (0600-1800 hrs) and six night

samples (1800-0600 hrs) are shown in figure 4. There was a definite and

consistent nighttime increase in zooplankton volume in the upper 100 m,

and especially in the surface layer (0-25 m), due principally to daily

upward migrations of some relatively large forms [copepods (especially

Metridia spp.), amphipods, euphausids, and pteropods]. The relative

numerical increase in plankton was small, but the migrants were large

enough to increase the plankton volume significantly. The night volume

in the 0-100 m layer was six times the day volume.
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There was also an additional nighttime increase in the volume between

1-0 m and the greatest sampling depth (ea. 710 m), due to upward migration

of organisms living in the unsampled layer above the bottom. There was

probably also some avoidance of the net during daylight. The average day-

time zooplankton volume down to 730 m at the deep station in Prince William

Sound (stations 1-9, fig. 1) was ca. 1100 ml/m2, while the average night-

time volume was ca. 1500 ml/m2.

In the O-25 m layer, the average daytime volume at stations 1-9 was

0.6ml/ms (range: 0.4-0.7), compared to 3.0ml/m3 (range: 1.0-7.4) at

night. The O-25 m layer at that locality can be compared (table 1) with

the O-25 m layer in other localities within Prince Milliarn Sound (fig. 1).

No geographic pattern can yet be discerned; stations 10 and 25 showed

somewhat higher day plankton volumes than would be expected, while stations

16 and 22 showed somewhat less night volume than expected.

Table 1. Zooplankton, settled volume concentration (ml/m3),
O-25m, Prince William Sound, Alaska, October 1975.

Station Day Night
1-9* 0.6 3.0
10 1.4
11 2.1
12 0.3
13 1.0

0.4
1.1

14 1.0
15 1.0
16 0.4
17
18
19 1.4

Station Day Night
20 0.3
21 0.3
22 0.6
23 0.7
24 1.0
25 1.3
26 4.9
27 1.4
28 2.0
29 1.4
30 1.0

*Averages.
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The average zooplankton  volume concentration of all 14 day stations

in the O-25 m layer was 0.76 ml/m3 (range: 0.3-1.4), while the comparable

value for the 16 night stations was 2.14ml/m3 (range: 0.4-4.9).

In November on the open shelf (fig. 3), two 36 consecutive-hr  stations

were occupied, and zooplankton sampled with methods and depth intervals

comparable to those used in Prince William Sound. The av[

volume concentrations for the two day and two night sampl”

each station did not indicate a marked nighttime increase

layers.

for the

station

station

station

rage zooplankton

ng periods at

in the upper

The average zooplankton volume concentration in the O-25 m layer

two shelf stations was about 1.2 ml/m3, day and night. Neither

was as deep as most of the stations in Prince William Sound;

361 was in only 55 m, although station 3611 had 200m depth. At

361 the lesser depth may have precluded some deep migrants, but

vertical migrations might not be significant on the shelf in November.

There was a substantial variety of plankton groups represented in

these October-November samples. The most common groups were: Copepoda

(by far the most numerous), Amphipoda, Euphausiacea,  Ostracoda, Mysidacea,

Decapoda, Chaetognatha, Tunicata, Medusae, Siphonophora, Ctenophora,

Pteropoda, Polychaeta,  and larval fishes.

The Copepoda of Prince William Sound were represented by about 30

species (table 2). The abundances and vertical distributions of some of

the most significant species can be mentioned. These data are based on

the 48 consecutive-hr station.

The most abundant copepods were small surface-living species, such

as Acartia longiremis, Oithona similis, and adult Pseudocalanus  spp.

The significance of these small copepods comes from their key role in

fi -1~ ,.. ~,
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Table 2. Copepoda,  Prince William Sound, Alaska, October 1975

Calanidae

Calanus cristatus

~. marshallae

~. pacificus

~. p lumchrus

~. tenuicornis

Eucalanidae

Eucalanus bungii

Pseudocalanidae

Microcalanus spp.

Pseudocalanus  spp.

Aetideidae

Aetideus pacificus

Chiridius gracilis

C. poppei

Gaetanus sp.

Gaidius variabilis

Euchaetidae

Euchaeta elongata

Metridiidae

Metridia curticauda

~. lucens

& okhotensis

Pleuromamma robusta

Centropagidae

Centropages abdominalis

!ieterorhabdidae

Heterorhabdus  tanneri

Candaciidae

Candacia columbiae

Acartiidae

Acartia longiremis

Oithonidae

Oithona similis

Q. spinirostris

Oncaeidae

Lubbockia wilsonae

Oncaea borealis

Oncaea sp.



the conversion of plant materials into animal form, in their high

concentrations (up to 2000/m3), and in their high metabolic rates and

material/energy turnover. Some other small, though abundant (up to 500/m3),

copepods are more evenly distributed through the water column, or with

perhaps minima at mid-depths: Microcalanus spp., Oncaea borealis, and

juvenile Pseudocalanus  spp.

Several common species of copepods  are only found in the deeper layers;

this category includes the most important “key” grazers Calanus  cristatus,

Q. marshallae,  and~. plumchrus. The latter showed some tendency toward

upward migration at night, but possibly this response in all of these

species is slight by October. One might expect a more definite daily

vertical migration of these species early in the year.

The most abundant dielly migrating copepods were Metridia lucens

[both adults and staae V) and M. okhotensis. Euchaeta eloaata were not. “. —

particularly abundant, but their large size

probably following their prey populations.

Euphausids were not nearly as abundant

made them an important migrator,

as copepods, but their large

size and critical link between phytoplankton and large carnivores give

them an important place in any environmental assessment. Five species,

Euphausia pacifica, Thysanoessa  inermis, ~. longipes, ~. raschii, and

~. spinifera, were found. .The most numerous (ea. l-3/m3) adult euphausids

were ~.

100 m.

highest

below.

longipes, with a day depth maximum between 100-300 and none above

Their night depth extended into the O-25 m layer, although the

concentration was between 25-50 m, with uniform concentration
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Euphausid juveniles were also abundant (2-3/m3), and remained mostly

in the O-25 m layer day and night, decreasing in concentration to ca. 100 m,

with very few below.

Only two species of chaetognath  were found, Eukrohnia hamata (ea. 2/m3)

and Sagitta elegans (5-10/m3). The vertical distributions of these impor-

tant carnivores were very consistent. --showed a  definite

day and night surface preference, with a maximum between O-25 m, decreasing

evenly to 600 m. Eukrohnia  hamata, on the other hand, had a maximum below

300 m, and was never found above 50 m.

Ostracods  showed a movement into the upper 25 m at night, with uneven

concentrations (20-50/m3)  to 700 m.

The pteropod Spiratella helicina had a day maximum (ea. l/m3) below

50 m, with none above. However, the maximum (1-4/m3)  was found in the

upper 50 m during the night.

Several amphipods were collected, the most numerous (1-5/m3) being

Cyphocaris challenger, Parathemisto japonica, and Primno sp. The latter

two species were more or less uniformly distributed night and day between

0-300 m, with very few at greater depths. Cyphocaris  challenger was not in

the upper 25 mduring the day, with a maximum below 100 m. At night, how-

ever, the maximum was above 100 m, including high numbers in the O-25 m layer.

Therefore, the most abundant species seemed to exhibit only a few

patterns of vertical distribution (table 3); (1) surface, day and night;

(2) fairly uniform with depth; (3) only at depth (most species are in this

category); and (4) daily migrators,  with deep day maximum and shallow night

maximum. Undoubtedly these patterns are a response to light, hydrographic

features, and feeding relationships. At other times of the year, and with

other species, these patterns would be expected to be modified.

F-< o
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Table 3. Zooplankton vertical distribution patterns,
Prince William Sound, Alaska, October 1975

1. Surface, day and night

Copepoda: Acartia longiremis, Oithona similis,
Pseudocalanus spp. (=

Euphausid juveniles

Chaetognatha: XQl&S@@!E

11. Fairly uniform with depth

Copepoda: Microcalanus  spp., Oncaea borealis,
Pseudocalanus spp. ‘=i~

Amphipoda: Parathemisto japonica, Primno sp.

III. Only atdept.h

Copepoda: Calanus marshallae, ~.

Chaetognatha: Eukrohnia hamata

IV. Diel migrators

plumchrus

Copepoda: Euchaeta elongata, Metrida lucens,
~. okhotensis

Euphausiacea: Thysanoessa  longipes (adults}

Amphipoda: Cyphocaris challenger

Ostracoda

Pteropoda: Spiratella  helicina
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VIII. CONCLUSIONS

The determinations of zooplankton  volumes and numbers of certain

groups were consistent enough to give confidence in the estimates for

Prince William Sound in October. Processing of samples from the shelf

has not yet reached the stage where comparable data are available, except

for the total volume estimates at the two 36-hr stations.

The volumes of zooplankton  were moderately high, about what one would

expect in that area in October. These data demonstrate the necessity of

accounting for time of day when sampling, particularly in the upper 100 m,

and especially in the upper 25 m, where there is a sixfold or so increase

in zooplankton biomass at night (in October). One might expect even

greater influences ofdiel vertical migrations in spring or summer. Ob-

viously, the appearance of large organisms in the surface each night will

have a great effect on the natural ”distributions of matter and energy,

but will also be of great importance when deep-living organisms are ex-

posed to pollutants in surface layers, when they incorporate such pollutants,

and when they actively transport them to deep water.

In spite of the high numbers of species, even in an area of rela-

tively low diversity like the subarctic Pacific, and the resultant poten-

tially high number of vertical distribution patterns (one for each species),

the most abundant species at this time could be grouped into one of four

basic vertical distribution patterns (table 3).

No consistent geographic patterns of zooplankton volume concentration

can yet be discerned within Prince William Sound. The same trend of night

increases was noted throughout. Probably there will be species differences
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from place to place within the Sound, and these different species will

result in different cycles of energy and matter transfer.

In November, the zooplankton volume on the shelf was similar to that.

in Prince William Sound in October, but

night changes in zooplankton volumes at

that time.

there did not appear to be day-

these shallow shelf locations at

IX. NEEDS FOR FURTHER STUDY

A major objective of this study is to outline the seasonal cycles

of zooplankton; obviously this cannot be done until samples have been

obtained from all times of the year. Even with a single year’s survey,

because of the expected great variability in zooplankton  concentrations,

doubt will remain as to the representativeness of the data. It would be

essential to continue these assessments for a few years, to evaluate the

year-to-year variability. In subsequent years, however, we should have

a better estimate of the principal zooplankters  and could limit the survey

to a study of their cycles as a first approximation to modeling the zoo-

plankton as a whole.

It is also likely that the principal zooplankton components (species)

would change with season, one set of species dominating the system for a

time, and succeeded by a different combination of species. With each

change in species or life history stage, the potential pathways of matter

transfer alter, and concurrently the environmental relationships of

greatest concern.

It is likely that the gross patterns of matter and energy transfer

within the net zooplankton are controlled by the vertical movements of



23

relatively few species. Therefore, comparisons of shallow and deep areas

should continue, to test this assumption.

Since changes in zooplankton abundance can be very rapid at any one

locality, it would be desirable to have frequent (perhaps biweekly) samples

during parts of the year. These samples could be used for studies of

certain basic zooplankton processes, such as growth rates, reproductive

cycles, mortality rates, etc. Such studies

areas where the most background information

are best conducted in limited

is available.

will

this

Eventually the question of potential impacts

arise. There might be a tendency to rely on

information, but the reactions of laboratory

of selected pollutants

laboratory studies for

animals to laboratory

stresses bears slight if any relationship to the reaction of natural popu-

lations  in the field. Laboratory studies could possibly suggest sensitivi-

ties and cause-effect relations, but the final assay is the response of

the affected populations. And this response can only be judged in light

of distributions and abundances of populations in time and space. And

proper judgments can be made only if the “natural” levels and variabilities

are understood. Then population deviations in quantity or quality might

subsequently be related to environmental perturbations.

No field

March 1976).

X. SUMMARY 0F4th QUARTER OPERATIONS

activities were scheduled in the 4th quarter (ending

Program guidelines have recently changed, taking the emphasis from

infrequent broad areal coverage and placing it on frequent sampling within

a few smaller areas of greatest interest. Four approximately week-long
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cruises have been planned for the northern Gulf of Alaska for the next

quarter. Each cruise will be a transect through Lower Cook Inlet, across

the shelf, and into Prince William Sound (fig. 5). The dates and vessels

scheduled for- these cruises are:

6-13 April Discoverer

29 April - 5 May Surveyor

17-25 May Discoverer

26 June - 2 July Acona

Methods will be identical

closing nets hauled vertically

nets hauled obliquely from 200

to those used on the 1975 cruises, i.e.,

through discrete depth layers, and bongo

m to the surface. The vertical series will

be taken around noon and midnight. regardless of the ship’s position. The

bongo nets will be towed at each station. Three 24-hr stations are

planned (see fig. 5).

Analyses continue on the plankton collected in 1975. Of the 143

samples collected in October in Prince William Sound, all have been sorted

to major groups,

48-hr stations.

the major groups

and the principal species have been

Of the 125 samples collected on the

have been sorted from the two 36-hr

identified from the

shelf in November,

stations.
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I. SUMMARY

The chief objective of the phytoplankton and primary productivity

studies in the Gulf of Alaska for the first year of OCSEAP was to provide

a baseline of phytoplankton standing stocks and rates of primary produc-

tion. The investigations were also intended to identify the environmental

factors controlling production and to determine quantitative relationships

between these factors and production. The basetine includes the species

compositions and population densities of the phytoplankton,  rates of carbon

assimilation, nutrient concentrations, intensity of light available to

the cells, concentrationsof chlorophyll sand

related variables.

One cruise was conducted in the northern

phaeopigments,

Gulf of Alaska

and other

in cooperation

with the zooplankton~ light hydrocarbon, and suspended matter investiga-

tions during October-November 1975. The results presented here are tenta-

tive pending detailed analysis of the data. Furthermore, they describe

only autumn conditions.

Primary productivity ranged from 39 to 736 mgC/m2 day and averaged

about 400 mgC/m2 day in the Gulf. A local bloom of the diatom, Skeletonema

costatum  was in progress at one station in Prince William Sound where

daily production was 2.9 gC/m2. The chief environmental factor control-

ling production appeared to be light available to the cells. High extinc-

tion of light in the water was observed in nearshore areas influenced by

glacial runoff. The attenuation was caused by large loads of suspended

matter (l-3.5 mg/L) and primary productivity values were significantly

lower in

vigorous

these areas.

phytoplankton

Nutrient concentrations were sufficient to sustain

growth.

58



Several species of microflagellates were ubiquitous throughout the

area and dominated the phytoplankton community. Other dominant groups

showing distinct distributions included a silicoflagellate,  Dictyocha

fibula, and the diatoms Thalassionema nitzschioides,  Fragillariopsis  ~.,

and Skeletonema  costatum.

The baseline information can be compared to future conditions for

purposes of determining effects of oil contamination when it occurs.

Repopulation of phytoplankton  following damaging contamination may result

in a species composition much different than the previous one. Produc-

tivity may also be significantly different than previous levels. Chronic

effects of continuous low-level contamination would be difficult,if not

impossible,to assess without data on predevelopment conditions. The in-

formation can also be applied to help develop models for estimating timing

and size of phytoplankton  blooms.

II. INTRODUCTION

The phytoplankton  and primary productivity studies in the Gulfof

Alaska for the first year of OCSEAP were designed to provide a baseline

of phytoplankton standing stocks and rates of primary production. Al-

though initial guidelines placed emphasis on broad areal distributions

of these parameters in the Gulf, a recent shift has been made to concen-

trate the investigations in selected nearshore

Cook Inlet. This concentration of effort will

scriptions to be made of seasonal sequences of

parameters. Itwill also focus the studies in

areas, principally Lower

permit more thorough de-

phytoplankton  and related

areas of high probable

impact caused by oil and gas development activity, i.e., potential lease

areas.
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The general intent of the study is to document the species composition

and standing stock of the phytoplankton, primary productivity, and the

environmental factors controlling production. These parameters will be

measured in Lower Cook Inlet with sufficient frequency (especially during

spring and summer) to develop a picture of succession of events seasonally

involving productivity and species composition.

One cruise (RP-4-DI-75C,  Leg I) was made over a more extensive area

in the northernGulf of Alaska in October-November 1975. Measurements were

made of chlorophyll land primary productivity within the upper 50 m, and

the several dominant phytoplankton  species and their population densities

were determined. Measurements of inorganic nutrient concentrations and

incident and underwater ambient irradiance were also made.

temperature, salinity, nutrients, zooplankton and suspended

subsequently be related to productivity and standing stocks

into the major driving forces of primary production.

The information obtained during this study can be used

Data on light,

matter can

to gain insights

as a baseline

against which future data can be compared in an attempt to ascertain

effects of possible contamination. It can be used more immediately to

help define areas and seasons of particularly high biological production.

The data can further be applied to develop models for estimating timing

and size of phytoplankton blooms controlled by natural factors (sunlight,

temperature, nutrients? etc.). Models may be used in the future in con-

junction with monitored variables to facilitate such estimates.

Although phytoplankton are likely to repopulate an area shortly

following an oil spill, the species composition may be very different.

The new dominant species may be inadequate to nourish grazers, and thus
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significant changes may occur in the food web. In addition to large spills,

almost continuous low-level contamination is almost certain to exist in

the area around and downstream of an oil field. The resultant chronic

effects on phytoplankton production is virtually unknown. Unless pre-

cievelopment conditions are determined, these chronic effects cannot be

detected.

111. CURRENT STATE OF KNOWLEDGE

The information available in the literature on phytoplankton standing

stocks in the Gulf of Alaska is limited mainly to open waters of the

southern portion of the Gulf. Studies conducted inshore include Iverson

et al. (1974), who reported successive summer blooms of the Thalassiosira.—

aestivalis  and Skeletonema costatum in Auke Bay, Alaska; and Homer et al.——

(1973), who found amajordiatom bloom in March-April in the Valdez area

followed by a summer population composed principally of small flagellates

and dinoflagellates  in the fall. The major peaks of chlorophyll and pri-

mary production coincided with the spring. diatom bloom (Goering  et al.,——

1973).

Several Japanese workers have reported diatom species from the

southern Gulf of Alaska sampled by fine mesh nets. Karohji (1972) sum-

marized Alaskan Gyre populations as dominated by Nitzschia seriata,

Phaeoceros and Rhizosolenia hebatata f. spinifera. Ohwada and Kon (1963)

concentrated algae from water samples by centrifugation. Their results

from open water agree in general with Karohjii ’s (1972) and they found

3 x 106 cells L-l near Juneau of which 88 percent were Skeletonema costatum.



Koblents-Mishke,  0.1. (1961) attempted to show the phytogeograp,

regionalization  of the northeastern Pacific. She characterized a bores’~

group of phytoplankton including Thalassiothrix longissima,  Denticula

marina, Chaetoceros decipiens, and Ceratium pentagonum.

Larrance (1971) reported primary productivity,nutrients  and chloro-

phyll ~data south ofAdak Island. During and before the 1960’s, Canadian

scientists of the Pacific Oceanographic Group at Nanaimo, B.C., measured

chlorophyll A at Ocean Station “P” (latitude 50°N, longitude 145°W), along

with studies of primary production and zooplankton. The data from these

measurements can be found in several numbers of the Fisheries Research

Board of Canada, Manuscript Report

From the Canadian data, McAllister

mary production at Station “P” was

Series (Oceanographic and Limnological).

(1969) estimated the mean annual pri-

48 gCm-2 and Larrance (1971) estimated

annual production between 80 and 100 gCm-2 at the 176°bl meridian. Koblents-

Mishke (1965) estimated annual production of 102 gCm-2 in the Gulf of Alaska,

and Goering et al. (1973) estimate net annual primary production in the——

Prince William Sound area at 185 gCm-2.

Although the referenced information given here is incomplete, three

pertinent points are apparent: (1) The existing information describes

primarily the southern offshore portion of

data are available along the northern Gulf

the Gulf of Alaska and limited

of Alaska continental shelf.

(2) No sampling program has produced phytopl ankton and primary production

data applicable to the OCSEAP objectives in terms of spatial and temporal

continuity and frequency in the study region. (3) A coherent picture of

phytoplankton species

in existing reports.

distribution cannot be presented from information
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IV. STUDY AREA

The area sampled is depicted in figures 1 and 2. It covers potential

oil lease areas off Icy Bay and southwest of Kayak Island. The general

circulation pattern along the outer continental shelf in the area is a

net westward transport with the flow.often paralleling the bathymetry.

The station pattern extended to the east and west to measure populations

in contiguous water advecting  into and out of these lease areas. Stations

were also located over deep water for comparison of coastal and mid-Gulf

conditions. A high concentration of stations was located to the west and

south of Kayak Island because the circulation has been described as weak

and variable over this broad shelf area.

V. METHODS

For appropriate interpretation and estimation of primary productivity,

simultaneous measurements of phytoplankton  standing stock (by chlorophyll

and cell concentrations by species), ambient solar radiation, inorganic

nutrients, salinity and temperature are needed. The factors controlling

the extent of primary productivity are generally the algal standing stock,

nutrients (usually nitrate), and available visible light. All of these

variables were measured within the upper 50 m of water during the cruise

in October and November 1975 aboard NOAA ship Discoverer.

Water samples were collected by Niskin bottles on a Rosette sampler

equipped with a CTD (Conductivity-Temperature-Depth) sensor. Portions

of the sample were taken for phytoplankton, nutrient, and chlorophyll ~

and phaeopigment analyses and for primary productivity experiments. Chl oro-

phyll fluorescence was also measured in a continuous stream of seawater



7

(Lorenzen,1966)  pumped directly from a bow probe 5 m below the water 1 inc.

The sampling was coordinated with the suspended particulate matter and

low-molecular-weight hydrocarbon programs and samples for these activities

were also often extracted from the same Niskin bottles. Therefore the

data from these three investigations can be easily compared in subsequent

interpretations.

The phytoplankton samples were preserved in 1% formalin buffered with

sodium acetate and returned to Seattle for analysis using the Uterm&l

(1931 ) inverted microscope technique. Cells were identified to the lowest

practicable taxon and counted. Sufficient numbers of cells of the dominant

species were counted to bring the random counting error within acceptable

limits(Lundet  al., 1958).——

Chlorophyll ~and phaeopigment concentrations were determined by

fluorometric techniques described in Strickland and Parsons (1968) and

Yentsch and Menzel (1963). Modifications to the basic techniques were

applied so that a smaller sample volume could be used and more complete

extraction of pigments could be obtained using sonification. Seawater

samples of 253 ml were filtered through glass-fiber filters with a few

mg MgC03 on top. The filter was placed in a centrifuge tube with 10 ml

of 90% distilled acetone and sonicated  for 1 min using a Megason Sonic

Disintegrator 0/R . ~ The samples were then centrifuged and the fluores-
cence of the supernatant determined

All pigment analyses were conducted

1. 0R Ultrasonic Instruments,
New York.

according to the standard techniques.

immediately after sampling.

International, Ltd., Farmingdale,
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Primary productivity was measured by standard carbon-14 techniques

(Strickl and and Parsons, 1968). Two bottle casts were taken each day--

predawn and prenoon. Half-day photosynthesis experiments were conducted

using simulated in situ incubations. Incubation periods were dawn to LAN——

(1 ocal apparent noon) and LAN to dark. One successful simultaneous in situ.—

and simulated in situ experiment was completed for calibration purposes.——

Five to seven depths at each station down to the 1% light depth were

sampled according to light transmission ratings of neutral density filters

used in the photosynthesis experiments. These light depths were 95, 75,

50, 30, 18, 5.5, and 2% of the incident surface light. At noon stations,

sampling depths

for the morning

noon station.

were determined from secchi disk readings. Sampling depths

stations were identical to those from the previous day’s

Two light and one dark bottle from each depth were incubated.

resulting filters were immersed in scintillation-fluor  solution and

turned to Seattle and analysed by liquid-scintillation techniques.

The

re-

Incident solar radiation between wave lengths of 3 and 0.3 mmwas

0/‘~ Model 8-48 pyronometer.measured at the ship’s deck by an Eppley

Continuous recordings were made by a strip chart recorder equipped with

an integrator to give total energy over a given time period, e.g., each

day or each incubation period.

Seawater samples for determination of dissolved inorganic nutrient

concentrations were frozen and returned to the University of Washington

1. 0R Eppley Laboratory Inc., Newport, Rhode Island.
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Department of Oceanography, for analysis. Dissolved nitrate, nitrite,

oammonia, silicate, and phosphate were determined using Auto Analyzer R

techniques.

VI. RESULTS

The detailed data have been submitted to the Environmental Data

Service according to procedures outlined by the OCSEAP Project Office.

Formats for tabular and graphical presentation of data in report form

are being devised. The results presented here are included to show some

relationships thought to occur from preliminary interpretation.

A. Chlorophyll, Primary Productivity, and Light

Station locations, incident solar radiation, and integrated water

column values of chlorophyll land carbon assimilation are given in table 1.

Chlorophyll in the upper 50 m is generally more abundant offshore of the

continental shelf than on the shelf (fig. 1). The mean chlorophyll value

on the shelf (omitting stations in Prince William Sound) was 18 mg chloro-

phyll ~m-z while the mean in deeper water was 33mg m-z. The distribu-

tion appeared somewhat patchy to the west and south of Kayak Island, which

may be related to the plumes of the Copper River and other drainages east

of Kayak Island.

At station 40 in Prince William Sound there was about twice as much

chlorophyll ~ (80.6 mg/m2) as the next highest value measured (45.5 mg/m2

at station 13 which is offshore). A bloom of Skeletonema costatum was

in progress at station 40 and Prince William Sound was the only place this

1. 0‘ Technicon  Instrument Corp., Tarrytown, New York.
66
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species was found in the phytoplankton samples. Clearly, population size

and composition at station 40 were anomalous for autumn conditions in the

Gulf, but similar local blooms may be common in the inshore waters.

Daily primary productivity integrated from the surface down to the

1% light depth ranged between 39 and 736 mg C/m2, except for station 40

where daily production was 2.9 gC/m2. The areal distribution of produc-

tivity (fig. 2) was somewhat similar to chlorophyll in that the values

were higher offshore. However, on the continental shelf west of146° 30’M,

the productivity inside the 100 fathom (183 m) isobath east of Prince

William Sound averaged 141 mg C/m2 with a range of 39-204 mg C/m2, and in

the remainder of the area the mean was 522 with a range of 193-736 mg C/m2.

Vertical profiles of primary productivity and chlorophyll at those

stations where productivity was measured are given in figure 3. The chloro-

phyll was somewhat uniform with depth while subsurface maxima of productivity

often occurred with a decrease to low values near the bottom of the euphotic

zone. The general character of these productivity profiles signifies the

dependence of productivity on available light energy. A detailed analysis

of the data to describe the response of photosynthesis to light will be

made in a subsequent report.

B. Nutrients

Nitrate at the surface ranged between 2.7 and 12 ~g-at/L. The surface

nitrate was less than 5 pg-at/L at all the Prince William Sound stations

and only one other (nearshore). Values greater than 10 were found off-

shore and near Yakutat Bay.

5 ug-at/L  are in the normal

Although nitrate conceritrations  less than

range to limit primary production, that did



Station

OIA
002
003
004
049
-050

051
51A

048

047

46A
46B
46C
46D
46 E
46F

46G
46H
461
46J
045
044
043
042
041
40A

40B
039

038

11

Table 1. Chlorophyll and phaeopigments in the upper 50 m~
primary productivity in the euphotic  zone
and daily light intensities at the surface
in October-November 1975

Latitude--_-w.-
59°51 ‘
59°24 ‘
59°00 ‘
58°24’
59°10’
59°20 ‘

59°50’
59°25 ‘

59°16’

59°48’

59°56’

59°56 ‘
59°55 ‘
59°55 ‘
59°55 ‘
59°54 ‘

59°54 ‘
59°54’
59°54’
59°55’
60°02 ‘
60°14’
60°23 ‘

60°31 ‘
60°33 ‘
60°33 ‘

60°33 ‘
60°15’

60°16’

Longitude
-.&)__

149°30’

149°09’
148°40 ‘
148°04’
147°37’
147°56’

148°11 ‘
147°01 ‘

146°16’

146°34’

46°39 ‘
46°39’
46°37’
46°39 ‘
46°39’
46°39 ‘
46°39 ‘
46°39 ‘
46°38’
46°38’

146°42 ‘
146°47’
146°54’
146°47’
146°37’
146°27’
146°27’
145°56’

145°43 ‘

chlorophyll ~
(mg/m2)

13.6
17.7
39.3
28.8

7.0
i7.o

7.8
15.1’

20.3

13.3

21.2

7.9
14.5
14.6
16.3
13.7

14.7
11.1
17.1
14.8
16.5
22.5
24.3

15.8
14.5
78.4
82.7
15.1

25.8

Carbon
Assimilation
(mgC/m2  day)

451

736

673

451

193

409

373

384
434

Incident
Sol ar

Radiation
~

101

101

114

146

146

132

132

123
123

471 63

2918 63
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Table 1 (Continued)

Station

037
027
025
024
028
036
035

034

033
032

005
05A

031
030
029 “
023
022
021
020
22A
019
018
017
014
016
015
62A
62B
62C

62D

Latitude
-.00___

60°09 ‘
60°08’
60°08’
60°03’
59°59’
60°08’
60°11 ‘
60°01 ‘

59°51 ‘
59°41 ‘

58°38’
58°53’
59°19’

59°37’
59°46 ‘
59°52 ‘
59°40 ‘
59037.’
59°15’
59°44’
59°14’
59°33’

59°54’
59°17’
59°55’
59°36 ‘
59°34’
59°34 ‘
59°34 ‘
59°34’

Longitude
__J!Q__

145°22’

145°06’

144°50’

144°47’

145°08’

145°30’

145°58’

145°53’

145°55’

145°53’

145°15’

145°15’

145°16’

145°14’

145°12’

144°43’

144°39’

144°39’

144°40 ‘

144°37’

143°56’

143°56’

143°53’

142”59’

142°45’

142°50’

142°10’

142°10’

142°10’

142°10’

Chlorophyll ~
(mg/m2)

19.5
10.2
21.6
21.1
10.5
24.2
10.6

24.1
30:2

15.6
29.7

31.4
35.2
25.5

17.5
10.8
14.6
8.5’

42.9
24.3
40.9
22.5
22.8
28.3
24.7
29.5
38.2
45.1
45.3
39.0

Carbon
Assimilation
(mgC/m2  day)

132
210

’39

529

86

728
322

183
552

546
5 6 5

Incident
Solar

Radiation
~

65
65

40

71

61

73
73

35
54

56
56

,,
. .

,,



Table 1 (Continued)
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Incident

Station

62E

62F
62G

62H

621
013

012
011
010
009
008
007
06A

06B
06C

Latitude
&

59°34’

59°34’
59°34’

59°34’
59°34’
59”09 ‘
59°27’
59°37 ‘
“59°44’
59°34 ‘
59°19’

58°46 ‘
58°13’
58°13’
58°13’

Longitude
(w)

142°10’

142°10’

142°10’

142°10’

142°10’
142°03’
141°48’
141°38’
141°32’
140°06’
140°31 ‘
141°12’
141°55’

141°55’
141°55’

Carbon Sol ar
Chlorophyll g- Assimilation Radiation

(mg/m2) (mgC/m2  day) (ly/day)

34.8

12.7
26.5

38.4 464

32.4 724

57

57

45.5

13.2
13.5
18.8 75 30

7.7 84 30

33.2

30.7
40.0 360 69

45.4 541 69

37.1

“? o
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not appear to be the case here. The assimilation numbers (mg carbon

assimilated/hour x mg chlorophyll ~) were moderate to high (greater than

6) in Prince William Sound. Low assimilation numbers could indicate

possible nutrient limitation.

Surface silicate concentrations

except in Prince William Sound where

ranged between 15 and 20 ug-at/L

values were 8.7 - 14.6, and in the

vicinity of Icy

vg-at/L. These

in the region.

Bay and Yakutat  Bay where silicates were as high as 23.1

higher values could be associated with runoff from glaciers

A more detailed analysis of the nutrient data is in progress, but

it does not appear that any of the measured nutrients (nitrate, ammonia,

nitrite, phosphate, and silicate) limited phytoplankton  production.

c* Phytoplankton

Although all the phytoplankton samples collected during the autumn

cruise have not been analyzed, some tentative distributional patterns of

species are presented. These findings are based on analyses of 10 m

samples at 31 stations.

Unidentified microflagellates of various species ranging in diameter

from 5-25 pmwere ubiquitous in the study area. They were the most numerous

group at 15 stations and were within the five most numerous groups at all

stations, except at station 40 in Prince William Sound and one station (34)

southwest of the Copper River (table 2).

Two areas of high abundance of microflagellates occurred off the

continental shelf south

William Sound, but they

of Copper River and nearshore southeast of Prince

were not abundant in the Sound (fig. 4). Their
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concentrations were as high as 21,000 cells/L offshore (station 5) and

averaged 4900 cells/L for all stations.

The distributions of substantial quantities of two species, Thalassio-

nema nitzshioides and Fragillariopsis ~., were nearly mutually exclusive

(fig. 5). These distributions are based on population densities greater

than 100 cells/L; lower concentrations were not considered. ~. nitzschioides

averaged 2000 cells/L among those samples in which it was found and reached

a maximum of 9400 cells/L. The mean concentration of Fragillariopsis was

1700cells/L and ranged up to 5300 cells/L. Both species occurred simul-

taneously at only three stations.

Two other major species appeared to have distinct distributions.

The silicoflagellate  Dictyocha fibula was limited to the western portion

of the study area (fig. 6). Skeletonema  costatum was found only in Prince

idilliam  Sound where it was responsible for the large bloomat station 40.

The concentration at 5 mwas 1.7 “ 106 cells/L. The populations in Prince

William Sound were almost all diatoms as contrasted to the other areas

where flagellates were always a large proportion of the community.

‘ VII. DISCUSSION

Data from the one cruise completed describes phytoplankton popula-

tions and abundances and their production only in the fall season. Be-

cause phytoplankton communities normally display short-term changes in

their composition of species and in levels of production, conditions at

other seasons can be expected to be very different. To obtain an “adequate”

baseline of phytoplankton and primary productivity in an area, observations

must be made at intervals frequent enough to determine the sequence of

86
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major events such as initiation of blooms, change in dominant species,

depletion of nutrients, etc. In the coming months we hope to describe

the spring and summer succession of species and production in the Lower

Cook

they

Inlet area.

Because the data presented here have

have received no more than a cursory

only recently become available,

analysis. More phytoplankton

samples will be analyzed to provide a more complete picture of the species

distributions and assemblages. Computer techniques will be applied to

ascertain the environmental factors controlling primary production, although

the major factor seems to be available light. Correlations will be sought

between productivity and circulation, salinity, temperature, etc., to

better explain the occurrence and production of phytoplankton. For the

present, the few interpretations discussed here shall be considered tenta-

ti ve.

The significant difference between primary productivity in the near-

shore area east of Prince William Sound and the remainder of the area

(fig. 2) may be explained by suspended particulate matter distributions.

Values are given in table 3 for mean 1% light depths (determined from

Secchi disk readings) and corresponding suspended matter and productivity.

The suspended matter data were kindly provided by Dr. Richard Feely of

our Laboratory, whose field studies were conducted concurrently with ours.

The high total suspended particulate matter at the surface correlated

with low productivity and with a shallow euphotic zone (table 3).

87
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Table 3. Mean values of 1% light. depths, total suspended matter (TSM)
in the upper 20 m, and daily primary production at three
nearshore and five offshore stations

Nearshore

Offshore

1% light depth TSM Productivity
(m) m (mgC/m2 day)

16 1.12 163

34 0.31 538

These data suggest that the nearshore waters east of Prince William Sound

contained large amounts of suspended matter draining from nearby glaciers

in the Icy Bay and Copper River drainages which caused high attenuation

of light in the water, and thus lowered primary productivity.

A comparison of the suspended matter and chlorophyll distributions

indicates that a smaller proportion of the high susppnded matter concen-

trations in the nearshore area was attributable tc

the offshore area. An inverse correlation existed

phytoplankton than in

between the two, similar

to that between primary production and suspended matter. The mean chloro-

phyll ~ concentration was 16 mg/L in the upper 50 m at those stations

where suspended matter was greater than 1.0 mg/L and in the remainder of

the area (except Prince William Sound) the chlorophyll averaged 24 mg/L.

Although these numbers have not yet been statistically analyzed, it appears,

tentatively, that the correlation will hold up under more rigorous treatment.

The phytoplankton are likely to be affected by oil contamination (if

it occurs) in two major ways: toxic effects and depression of primary

production through reduction of available light by surface oil slicks

and films. The ’present data can be useful in estimating the extent of

-~ic effects if they are interpreted with results of laboratory or field
,ti> 2&
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“challenge” type experiments and with knowledge of likely physical dispersion.

The time required for repopulation of an area after contamination is an

essential facet of such estimates as well as the quality (species composi-

tion) of the new population. Estimation of the effect on production caused

by increased attenuation of light can be approached through further treat-

ment of the available data. Photosynthesis-light relationships which can

be approximated using the present data, should provide a key to esti-

mating the impact on

light.

VIII. CONCLUSIONS

The conclusions

reasons discussed in

the phytoplankton populations caused by less available

summarized here must be regarded as tentative for

the previous section.

1. Primary productivity in the northern Gulf of Alaska during mid-

autumn was on the order of 400 mgC/rn2 day.

2. The chief environmental factor controlling primary production

at this season was intensity of light available to the cells.

3. Primary productivity was inhibited in nearshore areas influenced

by runoff where suspended matter loads were high. The suspended matter

increased light attenuation which decreased the euphotic zone and, hence,

primary productivity.

4. Nutrient concentrations were sufficient to sustain high rates

of primary production.

5. Several unidentified species of microflagellates  were dominant

in the phytoplankton populations of the Gulf. Two diatoms, Thalassionema

nitzshioides and Fragillariopsis ~., appeared to have nearly mutually

,: {J
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exclusive distributions. Dictyocha fibula, a silicoflagellate, occurred

in substantial numbers only in the western portion of the study area.

Diatoms dominated the Prince William Sound populations with Skeletonema

costatum principally responsible for a local bloom.

IX. NEEDS FOR FURTHER STUDY

The principal requirements for further phytoplankton studies involve

frequent observations of production, size, and composition of phytoplankton

populations. This approach will be applied to lower Cook Inlet,beginning

in April 1976, to document successions of events through spring and summer

regarding phytoplankton populations and production. Photosynthesis-light

experiments should be performed to provide data for primary productivity

models.

Accompanying studies should also be conducted to study the effects

of dissolved petroleum fractions (e.g., naphthalene)  on carbon assimila-

tion of natural phytoplankton populations. Appropriate experiments could

be conducted during scheduled field activities for describing seasonal

successions.

In addition to the phytoplankton  and net zooplankton investigations,

a description of the microzooplankton  populations should be made. This

group is comprised of organisms too small to be caught by nets and too

sparse to be accounted for adequately in the phytoplankton samples. (Sea-

water samples of about 1 liter are required for representative results.)

These organisms can be ecologically significant as grazers where large

numbers of small flagellates or other similar sized autotrophs  are the

chief constituents of the primary producers.
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Analyses of the results from the descriptive studies mentioned above

must be made for the purpose of estimating the impact of oil contamina-

tion on the phytoplankton populations and indirectly on grazers and animals

higher in the food web.

X. SUMM4RY 0F4th QUARTER LABORATORY ACTIVITIES

No shipboard activities have been conducted since November 1975.

The activities outlined below apply to laboratory analyses since January 1,

1976.

1. Scientific staff

Jerry Larrance,  Principal Investigator

David Tennant, Primary productivity, logistics, oversees technicians

Patricia Ruffio, Taxonomic  Technician

Mona Beckert, Taxonomic  Technician (part-time)

Alex Chester, Data analysis (part-time)

2. Methods--see main body of report.

3. Samples analyzed in laboratory

a. Phytoplankton samples analyzed: 46.

b. Carbon-14 samples analyzed by liquid scintillation tech-

niques: 613.

c. Nutrient (nitrate, nitrite, ammonia, phosphate, and silicate)

samples analyzed: 459.
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(?Ssiuc)llt of )d:;sb:s continental  sllL}lf. The d.istrj.buti.m, abundance and

Sper. ”ie.s ccmpositioP.  of the ~oopl.ank.toil and micronelcton  communities of the

so(lth~:.Istein  Eerine Sea are discussed in as n~uch detail as Lhe data set

permj.ts, wj.L~i e:lln]lasis  L}JJ. the late sumifler seoson..

The preS_iminary analysis of the summer d<~La reveals a close sim:i].arity

with long teJ:I~ (15 year) observations reported by Japanese workers fcr this

region. However, the detailed spatial resolution of the present study permits

a more refi.ucxl view of certain distributional properties. A w:.11-defined

“discontinuity” in spe.ci.es  composition appears at mid-shelf in central

Bristol Bay; few oceanic species are encountered as adults, but east of this

location larvae and juveniles are present. It is surmised that physical

oceanographic rileasurements taken at this time but not yet available will

substantiate the presence of a boundary feature at this location.

Since the zooplankton coimnunity  includes the early life history forms

of most commercially valuable or subsistence species in the Bering Sea and

provides forage for higher trophic levels, the implications of offshore oil

development are certainly

locations, and biological

for selected species must

obvious. In this regard, critical times of year,

associations which define the “survival windows”

be understood before hypotheses describing the

most probable impact can be structured.



lNTRCH)UCTION

baseline characterizations of the

l~Vill~ l[!:lr~l?.e  ~~SOtJYCf2S  iJi ~h~ W~tf21S 3d~iICC2?3t  to &iId over ~il~sk~’s Con~in-

entd shelf. Tile unobtru~iv:~  pelagic faIILla~ the zooplankton and micronekton,

form:a diverse and sbundant assemblage of small animals most of which is

Supparted

sector of

consumers

of larger

directly b)7 wztes column

the pelagj.c commmlity in

th:rouSh a web of trophic

plaut production. Ecologically, this

turn provides fGrage for hi~her order

relationships culminating in a variety

SpeCLi:S, sonte bein~ of subsistence, economic, or esthetic. value.

The purpose of this study was to cletermine the most probable effects

of offshore and coastal oil development on the a~~izml. plankton and small

nekton portions of the pelagic community in the Bering Sea and the sub-

sequent ramifications of sLIch effects particularl:-  as they may be reflected

in higher trophic levels. This evaluation is theoretically possible only

after the specifics of biological dependencies and tolerances to physical

factors are understood. As a basis for this understanding, the following

specific

1 April,

1.

2.

3.

objectives are being pursued during the initial funding period,

1975 to 30 September, 1976:

Determine seasonal density distributions and environmental

requirements of principal species of zooplankton, micronekton,

and ichthyoplankton.

Determine the relationships of zooplankton and microne.kton

populations to the edge of the seasonal ice pack as it occurs

in the Bering, C]lukchi, and Beaufort Seas.

Identify and characterize critical regions and habitats re-

quired by egg and larval sta.gcs of fish and shellfish species.

2
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/’; , ~escrjll~’  tlI~ ~LXJ:l dcpendmc;t.:s Of c~i~~~i’1].~ occtl~ri.1’i~ .spacies

of pcla~;c Iisl:L~s i!$; tll.[.S  L(l:lk :ip]ll.iCS  CC} cli.(:11.y  m; Lrating

batli]~~l~l~jj~~.  $~J!::C~.CS.

5. Idcni::!fy p:itht~a>s Gf ;laL-~ej: ;jrld CTLF.Tgy trai-.sfcr between syn–

th~si~~~s and al~fl;l~~ plankton Consl~~;ei:~.

6. Summ::rize the existing Iiterat:!?-e  and unpublished data on the

transfer of SyilthCSiZed or~:inic matter to zooplanktonj  micro-

nekton and ichth}~~l>lcanl~t~]q  .

Presently, the implications regardil]g prob~&mS related 20 shelf and

cozstal petroleum  developz?rit can onlJ7 be conjecture, since the nature of

the interaction between aniinal.s and oil is at best poorly understood for

only a few dominant species and we are st%ll fa:riy ignorant of even the

normal functioning of the unstressed living system. However, there is

cause for concern. With the exception of the marine birds and mammals, the

majority of the animals (benthic as k7ell as pelagic) inhabiting the Bering

Sea spend some, if not all, of their life history as members of the

plankton coinmiin.ity.  The commerically important shellfishes and finfishes

are no exception. Also, it is generally conceded that the numbers of

progeny surviving annually to harvestable age for any species are deter-

mined during a critical early planlitoni.c phase where survival is related

not only to food availability, but also to the timely absence of preda–

tors and favorable physical conditions.

The survival ploy exercised by most higher order consumers  in this

region is to produce seasonally lar~e numbers of floating reproductive

products (eggs and larvae), assuring the probable annual survival of :? few

individuals. Occasionally, exceeclin~ly favorable environmental conditions



will allow a species to flourish. ‘this year--class phcncmmnon  is part-

icularly noticeable for commercial species where a single year’s progeny

may support a fishery at nigh levels for several seasons. Hol$Jever, since

failure of 2 year class is the nc)rmal (?v’ent, ~xlded envlronmen’cal stress

could act to reduce levels of a~mual recruitment below tl~e ecological.]y

controlled average.

It should suffice to say that the animal plankton and micronekton

community supports and inc].udes representatives {life history stages) of

most of the animal populations found in the Bering

presents a particularly critical component of this

Sea, and as such re-

inarine ecosystem.

CURRENT STATE OF KNOWLEDGE

Much of the present state of knowledge concerning seasonal distribu-

tions of zooplanlcton and micronekton  in the Bering Sea has been summarized

in Hood and Kelley (1974) and Hood and Takenouti (1975). Although U.S.

workers have been active in northern ocean studies, most of the recent de-

scriptive information concerning the pelagic community is the result of

Japanese efforts in conjunction with hydrographic and high-sea fishery

surveys, 1956-1970. The bulk of these data is now available as generalized

distributional maps for dominant species or composites occurring in the

near surface (shelf) water during the summer season. The net zooplankton

biomass is consistently highest over the shelf in the eastern Bering Sea

(Fig. 1).

Motoda and Minoda (1974) report the spatial characteristics of several

zooplankton and micronekcon species in the Bering Sea. A typically northern

4
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170”W
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I?igure 1. Average summer zooplankton biomass for 15 years from 1956 to

1970 .in each 5-degree grid. Values are expressed in wet wt

g/m2 in 80-m water column (Motoda and Minoda, 1974).
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Pacific oceanic cfimrnunity  is described for tne deep water south of the

.she].f break grading throush a. mixed assemblage to more neritic species

occurring over the shelf to the north and east (Figs. 2, 3, 4). The

southeastern Bering Sea appears to be very complex in this respect,

proba’oSy  reflecting the nature of the oceanographic circulation and in-

teraction with the north Pacific through the Aleutian

For reasons not fully understood, the immense area of

water circulation patterns , and possibly the presence

passes to the south.

the shelf, the

of seasonal sea ice

interact to make this region one of the most productive in the world.

Trophic relationships are exceedingly complex in any marine system

and the pelagial system of the southeast Bering Sea is no exception.

Most organic matter synthesis occurs in the water column as a short

period pulse during the oceanographic spring season, but a “benthic” al-

gal community developing on the undersurface of the sea ice in late winter

together with seagrasses and nearshore epibenthic algae also contribute to

the overall annual production. McRoy and Goering (1975) estimate the

total shelf primary production to be approximately 140 million metric

tons of carbon per year. A simple conversion of average wet weight stand-

ing stock per square meter to carbon (0.1 x wet weight) for net zoo-

plankton provides an estimate of 5.2 million metric tons at this level con-

suming probably no more than 50 million tons of plant matter or about one-

third of the yearly production. Thus, much of the organic matter synthe-

sized in the water column (perhaps nearly two-thirds) is available for

benthic filter and deposit feeders. Indeed, the shelf benthos is very

abundant in the Bering Sea.

this

Measurements of secondary productivity are nearly non-existent for

region, although the very obvious populations of sea birds and

6
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Figure 2. Composite figure showing regional characteristics of species

composition of copepod communities in the upper water in early

to mid-sumer (Motoda and Minoda, 1974).
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ot

grjcy LG2Or:TcG O3 5G JIT 3JTGTt (b1'J1iF) cJJGqrIJGg O GU 1J flJG

JJJ2 Lopj;r; M]J pG JjG OCuT o '31r TUcGL1J T0!JI (Tcj) O hLOcGG

cci.cji en1cç i Ac). cttrcT;L :Lri1.G.r Juc;cJsrquJ ro JJ:rpw riobptc IGtGT'

11GLTU, 1J1J1JJ coiWq LflJJ JJG f O J)G JTroLTG]1 GOJJJWGLCIJ] tJJorTc

STUDY A1:IZA

Zoopl.ank.tort  aml micronekton are bein: studic:d in a specific region

of the soultlleast ljeriJ~~ Sc?a including Bristol l;ay north to Nunivak Island

and west to the open ocear) adjacent to the Pribilof Islands (Fig. 5).

Fcr comparative p~lrpcses  this re~.ion  has been arbitrarily subdivided into

two major areas which in turn have been further divided into eight statis-

tical sub-regimes (Fig. 6).

In addi~ion to this specified zrea of study, collections and exper-

iments are being conducted at the edge of the seasonal ice pack as it occurs

in the Bering Sea during the spring and fall seasons.

SOURCES, MATERIALS AND

The field program described here, and

IIETHODS

the subsequent analysis of data

(following completion of the March-April, 1976 cruise) is based on the

powerful statistical procedures of Analysis of Variance and Cluster Analysis.

In a general sense I l~ave randomly sampled specified (fixed) spatial strata

on a periodic basis. Sampling error will be estimated from a subset of

replicated (time and space) observations selected from all strata

and periods; gear types will be treated separately. Count data

10
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BGGJ. IJG (03fl Iirw JT1X IJJG2JJ) ],psq ACfJ? LO(X JJ6 LTçGL corcIwu

MTflJTIJ flJG J)GfLJ j&1J 1IpJ J qr-
9LGT IJOL4.JJ O JJG CGOL YTLJ (fIpErLG; - roo iu)

2P&Tt £ciioJ3 ( j)LG3 3 100 - 500 rn) 'riiq ccJj] jJGJ

(2sTpLc ?o-:roD i o oc&uc Lc{i'iJ6 ( JHcT > soo )

(qGtçp 2 iiJ qGrorc.q c
) CEUL'3i

2rTq?. (ji ) jpcc: 1Ij L&J cJc;Tnqe jJLGG ii LjJOJG ot. co.j LGJJJE

GJG.cj o c qGh Ji t:pTiJ o Lc:fOiJ tOL GjGq
JJcd nj jLor (zr ?) LOnL 2(1PfLu? JJAG J)cGU

j/C L,'.ro;y ° qciiJ ¶O/iG 1LfT1 UTJDTJJGq jJC-;

I) ¶JicJ U T.O1JGJCrTJ [flq]63 IJ jJG Of1lJ. GL1J jJ. :r c;

JIC C ç;:cTs T:o.. flJc: f-Io [rcjq CT[G

/irjfroj ¶L; JGr1 -.IJj CC' J)L. J)Jc.O.CiOJ1J LJCJ;GL ¶;qqrC:rz,c,

ryrdccc C. .151 \ c '.sp :r u C j T m LcJ:c fJJcr111cJ qG_

(nrrwp.;r !.c.t. pj OL Th ) J.f'] pG t J_ioT_U:.5.. J:G j

between the sea su?:face and 10 m above the bottom. Catches are preserved

in 5-10 percent buffered formalin-sea water and returned to the University

of Alaska Marine Sorting Center for processing.

The number of samples per subarea is tentatively specified in each

cruise plan. Early critiques of planned OCS zooplanlcton work suggested

levels of effort sufficient to detect real differences of one-half order

of magnitude or more. On the basis of previous experience (Cooney, BLM/

NOAA Northern Gulf of Alaska, 1975), between

subarea will likely be necessary to approach

Once a suite of subarea data is on hand, the

6 and 10 observations per

this precision on each cruise.

appropriate statistical



arml. y.sc:s w5.1 1 be used to e.v:l.l.[~;~tc thr sufficiency c*[ this dcsiun and app-

ropria[. r c:lwILes made.

I)~el.1,~  ll-;~l-ilf~irl~ l;athypcl..~~jc fishes and otllc~ ]n~cfonektoi.1  are samp-

led in tile upper 7S m of the: water Col.u;ml by fj-sbin~ a 2-m }?1.0 ‘1’ucker  trawl

after dark at spcci~ied  lGc.aticns. The net i.s l.owercd opel] to depth and

then re~r~.eved wj.ti~ the 17essel underway at 2-4 k~ts. A flowmeter  in the

mouth of the trawl is used to determine VOIUi-JC?S filtered. A bathykymograph

has been ~lscd, Gn occasion to establish an average inaxlml..ml  ft.sh~.n~ depth

to wire-out relat:onshi.p.

Salnplc processj-ng  is conducted ar.cordirr~ to accepted procedures.

Since lar~e vo~umes
3

of water are filter~d at sea (thousands of m )

individual catches o[ten cor:tain  many more ~r~an~srils than can be directly

counted. These collections are examined in their entirety for the obvious

and usu:lly rarer organisms (i.e. bathypelagic fishes, large shrimps>

squids, etc.). Following this screening, a portion of the sample (one-

half, one-fourth, etc.) will be archived for future reference. The re-

maininS fraction will be sorted to remove all zooplankters except copepods

and perhaps chaetognaths. These latter taxa will be enumerated and iden-

tified in even smaller subsamples  of 100 - 200 organisms.

This technique provides estimates of numbers of animals per sample for

numerically dominant species, and direct counts for the larger, rarer

organisms. Identification of specimens will be talcen to genus and species

whenever possible. Taxonornic verification is coordinated with workers

sampling the northern Gulf of Alaska for plankton and micronekton.

2) Zooplankton and micronckton studies near t-he edge of the seasonal

icepack as it may c]ccur in the Bering, Chukchi, or Beaufort Seas.

14



U6JCOIJ E F:iJqpJ' .tCC1(' JriLcJJGrJ2 Of scor1fTc AU] 01 Ct

riTrAo ouic qr fO. coLLcJTOrJ if:JJ opGLLGq hiTcLY ;iJq IJJTCLO-

cbG) C;C]JOiOflIJCfC. zT]f pG o!; oc yij o ojni:iu dfrY1r--

v j: --[LGir';JJ'A ( roo '-°n' (JJUGTiCi LuJIrJEc

GOIIJG-J CIGTLPTG O LGqrYcs ]-Lc £Ju1IBJ6L or

]TJj BLoc .'jj pG nuq cJcJ

TC qc.bji TIJ3L18 t'xrIT PG J)SLOIUGGL

TU1CT7? GOLLCGIC OL qTCG LO1L J1G

0P2LAT0T i:o q2GLCG E-

combncL 2OiJ2LG L'4JGU :: pG-

TUflUJI

LLJqncc:r. wrq rc oi. 2bcr-

TTT
I?

1T°" 7J iu :iic -; o --i 00

ri])1 1: c .T.)(J i 'q :c; j:.cc N n. oi. rj.i Tp- j_l1:LU,

I11CG iTI.Yj

rriq cic 1ic.t: ii fliLir o:iiJ r?:;j: ] o o oo rc fl-Gi.J {JJ

LTfJJ TJ JJ( jC,c icnY1r zc Ec:c 'L' JJG
.7 i“ c.

bed

2--m

timates of standi.n~ s~ocks measured alon~ continuous transects adjacent

to and along the ice edge.

Organic matter pathway information describing exchan~e between pri-

mary producers (phytoplankton) and pela~ic grazers wj.11 be obtained from

shipboard culture experiments in cooperation with Dr. Alexander and her

associates. Representative samples of natural].y  occurring plant cells

(composites from several depths or discrete portions of the water column

based on chlorophyll profiles) will be incubated with subsamples  of the

grazing community (from net tows) and the relative change in cell abundance

by species used as a measure of selective feeding (monual counting or

Colter coun~er system augmented with direct identification and enumeration).



mq PUTf)I uq JJ9 JJGJJ 6mEicj 013 4JJ6 j13112T2 0 ilJCflL0iLiJ

G1jTCIGLTG) o: GLIGL?) L'P(L T2 (j1GJrnT116CJ p?i GG0d)iCUJ q GLlflX mr-

jo oob3uy.coir IJiTcLorit;J1ro wiq flGjC0IS U flGJJt? G3 0G!'J LP

IT13BnPTTJJG(1 T1JI0UiS3T0SJ GOJJGC UJ1 LJLGL JL01JJ Li JJIiLA bLcir

1G1JGJJ T 1-F nIJCJGL i?FO C0JBIj6 5 PTPiT01.iL)JJ 01 1PITP1 rjq

v qci.pc;g 113 JJ3JC y.- o ncj? Johci

e-xcretion rates, etc. )

lations. As a result,

from nearly all fields

must tbercfore incl.ucle

. . .“in lrdlvl.d’J~lL orga~.~.~~;fi  ~ ad productivity in p(lpu-

contributions to the Lady of knowled~e have come

of scientific disciplj.ne Qlld tliE? Iii-.erature scareh

a considercb~e  number of data sources. I’his search

has been implemented by: a coriputer search of Biological  Abstracts (1972

to present) and B.I.R.S.  (1964 to present) through the N.O.A,A.  OASIS

program; a search of Biological Abstracts (1?26-1950) and Zoological

Record (all years availzble) at the University

of Washington (Seattle); and comiiunication with

of Alaska and ths University

individuals from several

of the organizations involved in pzst and present studies of Eerizg Sea

ecosystems. So far, 56 pertinent references have been identified; approx-

imately 350 additional potentially important sources need to be examined.

RESULTS

To date, three cruises addressing the study objectives as outlined

have been successfully completed. These include Legs I and 11 of the

Discoverer cruise in May-June, 1975, Leg I of the DiscovczIvn’  cruise in August,

16
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2.975, ~Tlil 1,~’{; S. Of tll~~ If/11 ‘la L“i”’f!<  l,ifL?L C. ru~ :,e j 1-, lJC)V~iObL<~  , 1973. Thc:sc

Cffc!rts lw~’c ~$;ll~.rated i’~~;! Tuc”ker : ].-:,,.J] S;::i,,p].(:s and ~~~ l--m rlet  i-ol!f;  t(l

p r o v i d e ~j~;i~:  :: ,.,~1  ~~~~  .s E?;lS(J:Lcll  covcrca<c~ P.S dcpi(:tecl ia Fic~~rc:s  7 and 8.

Ti~e. I.-n] net ~:!ilplpd  lg8 SpQCie5 01” other tax<~nomj. c catc~ories, wl]i~e 171

t2X:i have appcdrecl in tile cc:- ser mesh midt~~t~!r trawl catches (Appendix

I ad 11). Of these, cmdy nine ~P~~ie~ were ccnsisterit].y  numerically

abund~nt in l-n net tows, while six~ec:n cate~,ories we.rc obvious in the

2--m Tucker trawl. (Table 1).

For purposes of co;!:}~~rison  with the bul.lc of the avai~able published

(~~,n~j”:+r)  d<lta - ~;(jr~e  ~)r~l ~mjn:lry  l-e.slt~l~s  for late s-crr,ler (Acgl13t , 1975) are>

presen~ed here. The cccurre.nce a:d sbun~ance of’ several niimerical.ly  clCJrl-

inant zooplznl:ters  aze examinecl  on a single transect es.tending froin tile

open ocean sol~tli of the I?ribilof Islands across the sheif and. into the

~:ead of Bristol Bay (Fig. 9). This transect ~.ntercep:s z variety of

oceanographic regimes and presumably different sectors of the marine

pelagic community. Table 2 lists the species composition for l–m net

samples taken along this transect and grouped by hydro~raphic  subarea. The

community in the upper 200 m in the open ocean is slightly more diverse.

Three copepods, Metridia  2UCCZS3  Eucalanus b. bqii, and Calanus

plwnch.rus, occur in densities of several thousand per square meter of

sea surface along the transect until the mid-shelf region where they

suddenly diminish significantly in abundance (Fig. 10). Two other abun-

dant copepoc.ls, Oithona  helgolandic~ and Acartia longi]-emis, are found

at all stations, although they too exhibit- greatly reduced numbers in the

vicinity of stations 72 and 83 (Fi8. 10). Conversely, ,Cscdocalunus .spp.

scemsto be minimally affected at the same locations, The chaetognath
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Pswdomhmw Spp.

EUCCJkmS b. bungii

]~e~j+,~~a ~~~~E?~S

Aeartic lzon.gijw~is

0it170rx2 lielgolafi.dica

Amphipoda

‘aratkmisto  pmifiea

Euphausiacca

Tk.ysawessa  r~schii

Chaetognatha

Si@tti elcgans

Hydrozoa

Aglantha digitale

Chaecognatha

Sagitta elegans

IhA.zwh.nia spp.

Copepoda

Eucalams b .  bungii

Euphausiacea

Thysanot?ssa  ?aschii

T. Zongipes

Cumacea

Diast:{lis  bidentuta

Amphipoda

Parat]lemisto ZibeZZuZa

P. paeifica
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Gastropod

Unidentified
juveniles

Limacina ?h21ietim

Clione Zimtdcina

Gonaticlae (unident.
juveniles}

Go”~tus S~.

Octopodidae  (unident.
juvelines)

Cladocera

Podon Sl?.

Evade e+.

Ostracoda  (unident. spp.)

Copepoda-Harpacticoid

Eetinosoma sp,

Copepoda-Calanoid

Calanus el’istatus

C. glac<aZis

C. marsh.allue

c. pzmdu’%ls

.EueaZanus bungii bungi{

MierocaZanus  spp.

Pseudoealmws  spp.

Aetideus  pacificus

A. SP.

Gaetunus intezwedius

G~idius variabilis

Euehueta elongatu

Xanthoeala)nis ku.rilensis

x. Sp.

x
x

x

x

x

x

x

x

x

x
x

x
x
x
x

x

x

x
x

x

x
x

x

x

x

x

x
x
x

x

x

x
x
x
x

x

x
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Open Ocean Shelf Lreal: Shelf coastal
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Taxc)~]~i!\i~  cate’’(~v 102,1.12.,11.6- . -\:,- ._../ -.— ——— ——.

Ctln?acc.a (Cent’ d.)
Eudorclla  pacifica

Diastylis alaskensis

Amphipoda

Pl?.ohis q).

-lschjjmcerus SP.

KorIogc megalqs

Lep<dqwmwn eornati

Cledic.e.roti,dae (un:ident,
Spp. )

MmoeuZodes .z@WWVi

.%Zichia sp.

Sdn.a bo~eul%s

Pa?atlwm<sto Zibellulu

P. pacifica

P. Spp.

Euphausiacea

Euphuusia  pacifica

Thysanoessa  inezmis

T. Zon.gipes

T. WNWhii

T. spin{fera

Unident. eggs, nauplii,
rnetanauplii,  calypcopis
& furcilia stages

DecaFoda

Pandalidae (ugident.
Spp.)

Pandalus spp.

Hippol,ytidae (unident.
Spp . )

Crangonidae  (unident.
Spp.)

Paracrangon.  echinuta

x
x

x
x

x
x

x
x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

“x

x
x

x

x

x

x

x

x

x
x

x
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IIecapoda (conz’d. j

Faguridue  (Llll~:lC[!t.

Spp.)

Pazwlii:j!o(.?es  c!n:-
tschczticu

Oregoniinae  (unident.
spp.)

Chionoeccit?s Spp.

IWJcs Spp.

EYiuw3ws ism?wkii

Asteroids (unident. spp.)

Ophiuroidea  (unident.
Spp . )

Chaetognatha

.R&rohnia SW.

~agititi elegans

Unident. juveniles

Ascidiacea

Unident. eggs & larvae

Larvacea

Friti.llaria  bosealis

Oikopleu.ra spp.

Unident. juveniles

Teleostei

CZL{pea tiengus pallasi

Pleuronectidae  (unident.
Spp.)

Unidentified fish eggs

Unidentified eggs

TOTAL

x

x

x
x
x

x

x

x

x

x.
66

x

x

x

x—
43

x x

x

x

x
x

x

x

x

x

x
x

x—
41

x

x

x

x

x

x
x
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very high concentrations are present

Pribilof Islands.

The lantern fish, Stenc.kwzehizs

only i~ the arez close to the

Lmeopsa.rus, is being routinely col-

lected to describe its trophic  involvement in the open ocean and slope regime.

Three distinct size classes were taken in night samples during the May-

June cruise (Fig. 13) which agree with lengths frequencies reported by Fast

(1960) for completion of 1, 2 and 3 years of growth. The spaming season

for S. 2eueopsarus  off the Oregon coast occurs from December to March

(Smoker and Pearcy, 1970); this very likely occurs later in the Bering

Sea and would thus coincide witlt the spring peak in productivity.

Larval and juvenile Alaska pollock, ~kerag~a  ehakogmmna,  Greenland

halibut (turbot), Reinhadtizs lzippti~cgssoides, capelin, Ma220tus villosus,

and deepsea smelt, Bathylagus  stilbitis schrnidti, also occur in some abun-

dance in the midwater trawl samples.
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DISCUSSION

The animal p].ankton  and micronekton commur,ity in the waters adjacent

to aad over the shelf in the southeastern Berj.ng Sea is diverse and abun-

dant during the spring a“l.d iate summer as observed at these times in this

study. The gradation from oceanic to neritic described by Motoda and

Mincda (197~!) was obvious along a transect running landwarcl  up the middle

of BrTsrol Bay. A marked biological discontinuity in midshelf  cannot be

explained by shoaling depth alone, and must be related to physical features

measured but not available for analysis in this report.

The eg~s and larvae of several fishes and shellfishes (some of commer-

cial value) are conspicuous nlembers of ‘cF.e seasonal zooplankton and micro-

nekton of this region. Their survival is dependent upon suitable foods,

escape from predators, and tolerance to fluctuations in temperature and

salinity in the shelf waters.

Motoda and Minoda (1974) list 170 species of animal plankton from

the Bering Sea , exclusive of fishes and other seasonal components. Only

six amphipods are recorded. This present study reports 48 amphipods,

establishing this group as ecologically important, particularly over the

shelf and in the near shore region.

The distribution of snow crab larvae (Chi.cvzoeeetes  megalopa) is

remarkably patchy and centered in the area of the Pribilof Islands.

This area is acknowledged as a very productive shrimp ground (Pandalus

borealis) and is also the rookery for the northern fur seal. Catches of

juvenile Alaska pollock were highest here, suggesting a local enhancement

of productivity in these waters.



‘fhe samplin~ eqt[ipmcnt employed in thii study, Wlli.le in no way s~Ph-

istie.ated, ltas provided samples of the pela~;ic fauna which seem representa-

tive of numbers and species when comp~xecl with long term ave~ages reported

by Japanese and other wori<ers.

culties iri fishins th,e ~Jnole of

The bongo r,ec was not used because dtff5-

the wzter colurm over the shelf were en-

cou~tered. Only the [.~<lle~’ lhwman was equipped with “real-time” depth

telemetry l.~hic~l  could li~~~re been ~lsed LO monitor the net as it was being

lowered close to the bOttOi~i. In the standard ILJKHAE’ ichthyoplanlcton

sur\~~y this gear is used to samp].e the near-scrface waters in situations

where zhere is little chari~e of hitting bot~am. Since the thrust of this

investigation was to st-ludy the zcoplan~kton  and micronekton com~,unity  2s a

whole rathex than focusing on temporary plankton (fish eggs and larvae),

a l-m net, towed vertically, was selected. 1~ is realized that volumes

filtered were probably insufficient to obtain “best” estimates of egg and

larvae abundance. However, as mentioned above, the survival of eggs and

larvae is an ecosystem process involving not only distribution and abundance

of the developing fishes but also the anim,als  occurring in association with

them as potential food, predators, or competitors. I believe the informa-

tion being gathered by this study will

in a more complete manner than if only

sidered.

address ichthyoplanlcton  questions

fish eggs and larvae had been con-

CONCLUSIONS

1. With the presently available vessel and laboratory support, the

zooplankton and micronekton communities in the Bering Sea are being repre-

sentatively  sampled and evaluated within the context of the research

objectives stated;
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2. The animal plankton and micronelctcm sector of the marine ec.osystc’nt

of the Bering Sea is diverse and almnclant. A p~L~nkt~lli~ ezr.1.y life history

stages usually verj7 cricical in subsequent survival, is characteristic Of

most marine organisms in the Berin2 Sea; sea birds and marine mammals are

exceptions;

3. The unobtrusive fauna is in part responsible for the transfer of

energy from l>-rimmy producers to .ni.sher order consumers. The Bering Sea

is com.nercially  exceedingly productive, and an unusually high efficiency

of this transfer process is suspec~ed;

4. Until the nature of the tolerances of marine organisms to oil or

oil related pollutants is dccumenred~ the effect of offshore development

can only be imagined. However, since failure is the normal event in this

system (i.e., few survivors annually from large numbers of eggs and larvae),

additional stresses during the plankt.onic stage of any species would tend

to further reduce the probability of its survival;

5) The “survival window” for higher order consumers passing through

a planktonic stage in early life history is defined in time and space

through food web relationships, predation, and competition .by other members

of the animal plankton and micronekton assemblage, in addition to tolerances

to varying physical features. As such, the “critical habitat” notion

must include an understanding of biological as well as physical dependencies

occurring at the level of the plankton.

NEEDS FOR FURTHER STUDY

With the completion of the field effort in lfarch-April  of this year it

should be possible to delineate some seasons which are biolo~i.tally more
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UGU () TJ.:fJTj 3JJ iDLOA (G CJJ9I ¶J(::.:J2qOLJ O CJtGI1

r UOI houTJ] Jt.ci'Jjq bGrJTj q6cLJJ O I 1UJPTL2 [-

ç.; G1JIoj.j ;' OJJ J tJJIR:J TIJEJ 1TTLJ(- -Cj(, JJIJ
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bpr CJIJ G bGGq 013 qGIiJTU JJGiL proorc iJq BJJ)2TC9[ qGbOIJ._

LTJJ DL P]TJ ebcc]o CL COUflCTCI OL 3fl csjce zsino

GOJJa!1LJDL CL I3LEq13:ox. DL COILB0FOL OJJ1JJ2 rr DBCOCTDTTOIJ LTJJ

deccies.

The ,gezerzl

(zooplankton and

The influence of

pi~oblem of the arm.ua.l recru~trnent  of shelf species

micronelcton)  must conti~--ue to receive attention.

water and

the Aleutian passes may be

northward across the shelf

associated plankters entering the region through

important. Also, since there is a flow of water

and into

drifting near the surface over deep

carried into environments for t~hich

the Chukchi and Beaufort Seas, animals

water to the south may eventually be

they are poorly adaptzd. An understanding

of the nature of the change in the zooplanlcton  cornmunitj- composition

will be helpful in discriminating real deviations associated with offshore

oil development.

S~lMARY OF FOURTH QUARTER OPERATIONS

There have been no field operations since the MiZZc~’  l@e~miziz cruise

described in the last quarterly report. Our efforts following the November
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i-cc
HAqLoor

0L11q JJ{GLJ (curqErJ ebb')

Scyphozoa

PePiphgZla 72yaeinz%inu

L7-zrgsao?a I:eloua

Unident. spp.

Ctenophora

Bwoe spp.

Polychaeta

Polynoidae (unident. spp.)

E+eone Zo?qa

Lopadomhynehus  sp.

Pelagobia loi?gicir~ata

Typhloseolex  muelleri

Tomopteris  septcntrionu~is

Syllidae (unident. spp.)

Glyeera ca@tata

Lwnbrine~eis  sp.

*Abundant species
40
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I?c)lychacta  conf-inued

Sco’h)[)zos cxm?:tqer’

Spicnl~d:le (unident. s.pp. )

Capitellj.dac (ulli(ient.  spp. )

Ca~7itella oap-itwtcl

Maldane sarsi

Oweniidae  (tmidefit. sp.)

Ampharetidae (unj.dent. SP.)

Tei+efielli~es stiiqoe?rli~

Sabellidae (uniclent.  sp.)

Pclecypoda

Unidentified juvenj.les

Gastro~oda

Unidentified -juveniles

Euelio Spe

Limzeinu  heliei-m

C2ione limczcim

Gonatidae (unident. SPP.)

Gonmhls Sp.

Octopodidae

Cladocera

podon sp.

Evadn.e sp.

Ostracoda

Unidmtified  spp.

Copepoda

Harpacticoid

IIicrosetellc roses

B~~adga sp.

Ectinosoma 5P.

Tisbe sp.

Unidcnt. Spp.

Calanoid

C’alanus c~istatius

C. glaciaZis

‘iC. mamhallae

c. ph.wlc?nw
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Calanoid continued

Eucalanus bungii  bimg<<

Microcalwus spp.

‘iPseudoealaws  spin.

Aet<deus  pacifieus

Gaetanw inteimediu.s

Gaidius vmiubilis

,?32ehaeta elo?yata

~Un?%OCab’lUS kl~ibzsis

x. Sp.

Raeouit~cn?.w antareticus

Seoleeitlwieellu miwr

S. ovata

Eu~ljtej~o~a  herdnwi

‘Metridia Zueens

M. okhotensis

P2eu2~ormn7na  scutullata

Cent~opages  abdominulis

Lwicutia sp.

Heterorhabdus  eompaetus

H. S~.

Candaeia eohnbiae

‘Acartia Zongiw?nis

A. tumida

Unidentified nauplii

Cyclopoid

‘oithov~ helgolawliea

O. spinirostris

Oncaea borealis

o. Spp.

Thoracica

Unident. nauplii
& cypris larvae

42 138



1 2bb

2cc2S'2

3scI 2b
ab

N?2c
yithpthog

fluqGLrGq bb
iaoboq

c:c

s:s Qc

O32 cc
CflIIGG

V 21)1D

_':'3

\J 2cS

sc)(1
J4? q1C G

ni)'

43
139



Amphiporla continued

Cycl.oczris cjw-iklmi

Cyphoccwis  chctleizge~i

KoYwga ?ri2gZ10~Z

Lepi.depeckwwm kd.wtka

L. GOEQtW?l

Orelmwne Zepidulu

O. nugax

Melphidippa W.

Oedicerotidae  (un~dent. spp.)

Ba@medon obtiisif~ons

B. n.ansewi

Monoeulodes diam~sz[s

14. paeluwdi

M. .zem.ovi

kJestuoodilla coeeula

Pamphoxus SP.

Pleustidae (unident, spp.)

StenOpZeustes  glabe?

DuZichia sp.

Metopa aldeti

StenuZa 5P.

Scina borealis

Hyperia medusarwn

Hyperoche  medwsarum

Pa~wthemisto libellula

*P. pacifica

P. Spp.

Primno macropa

Euphausiacea

Euphasia pacifica

Thysanoessa  inermis

T, Zongipes

*T. rasehii

T; spinifma

Unidenti. eggs. nauplii, metanauplii, calyptopis & furcilia
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Tcfl

Decapoda

p.a!lf~al~.dae  (unident. Spp.)

Panclal.us  bowfili~

P. Sp.

Hippolyti. d.af3 (uniclerit. sp~J. )

.ZuQl~~s ?m.wi.lcjlta

Cra]lgOil~Cl~~ (unident. Spp.)

ParZcranqon  echirmtu

Paguridae  (unident. SPP.)

Lithodidae (unident. SPP.)

Pmalithodes cwntsclzcbicu

Oregoniinae  (unident. spp.)

Chion.oecctes  spp.

I@a.s spp.

Telmessus cheiragonus

EFimacpus  isenbeckii

Pinnotheridae  (unident. spp.)

Ectoprocta

Unidentified cyphonautes larvae

Phoronida

Unidentified actinotroch larvae

Asteroidea

Unidentified spp.

Ophiuroidea

Unidentified spp.

Chaetognatha

Eukrohnia spp.

~Sagitta alegans

Unident. juveniles

Ascidiacea

Unident. eggs L larvae

Larvacea

P1’itillaria borealis

0iko~31eu.ra spp=

Unident. juveniles



Teleostei

C%Apecz l-umengus palZUsi

Mallotus  Villocu.s

Bathglagus  paeificus

B. stilbius seh.wid~i

S’tenObraelz&s Zeucopsams

Gadidae (unident. Spp . )

ThePagra e~leog~anma

Se.3astes SPP.

Cottidae (unident. SPP.)

Agonidae (uni.dent. spp.)

Li@n%s Spp.

Iectoliparis  pe2agZcws

Stichaeidae  (unident. spp.)

Pleuronectidae (unident. spp.)

Atheresthes stomias

Hippoglossoides elassadon

Unidentified fish eggs

Unidentified eggs



APPENDIX 11

2-m Tucker Trawl

A listing of species and composites sorted from samples taken with a

2-m Tucker trawl in the southeast Bering Sea, May-June and August, 1975.

Numerically dominant species are indicated by an asterisk.
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Hyclrozoa

*Ag~ani:lz~ d<@&zle

Perigoni.rws brwicw:i.s

Perigonimw cf. P% yoldiu al’ct{ccz

Perigoni?nxs  nzlticiwatws

CaQeopsis nem..taphm..

Bougainvilliu superciliaris

Rath.kea  jasehnowi

Comj-mxrpha fZannwa

Co3yZe principes

Pt~chogena Zactea

Eirene irzzieans

Aegina roses

Aequo~es fcrskalea

Pantaehogail kaeckeli

Melieezn%n mzmpcznulu

Botzyxema  hucei

Haliereas  mtifiimm

CYossofia  bm.wn.ea

Scyphozoa

Perip@ZZa hyacintihina

AtoZZa vyvilZei

Chrysaora rnelanaster

Chrgsaora  helvola

Cyanea cxzpillatu

Phacellophora camtschatiea

Aureliu Zimbati

Siphonophora

Dimophyes  arctica

Vogtia sem=ata

Ramosia vitiazi

Rosaeea plieata

Chaetognatha

‘Sagitta elegans

‘E’dcruhnia SPP.
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Chaetognath.a (continued)

Sagitta SCPi~>~SQG

Mollusca

Galiteuk??is  armata

Ch.iroteuthis veran:ji

Gonutus fabric<{

Gonatws nagister

Gonatopsis  Sp.

Octopodidae larvae (unident.  spp.)

Clione l!imaeirxz

L{~a~i~ h~liei~

Polychaeta

Tomopv5eris septentrionalis

Hespeww eomplanata

C’haetozone  setosa

Krohnia ewellata

LopadoW@whidae (unident. spp.)

AntinoelZa sarsi

Ne~eis pel!agica

Copepoda

CaZanus cristatus

~%ealanus bungii bm.gii

Etd.aeta elongata

Paehgpti%us  pacificws

Canch<a colwnbiae

Euphausiacea

Euphausia  pacifiea

Tessarabrachion  oculatus

‘iThysa?wessa  rasehii

Thysarwessa inermis

Thysanoessa spin-ife~a

‘Thysanoessa  Zongipes

Isopoda

I@zPcchna .5P.

Sjjnidotea biewspi&z
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42.2 TqcG

*PczPatkemisto  17We12ula

fiypez%a nedtisam

Hypep~a spp+ngepa

Hgpepocke medtisa.rutn

P2+nn0 maezwpa

Wuwn+ma sedenta.ria

Hyped galba

PamphPonima cpa~sipes

Scina bopealis

Seina Pattrayi

APehoeoseina s-teenstrupi

Ptmatkm;Qto jczpon;ca

Amphipoda-Ganunaridea

Anonyx rwgax

CyphocaPis  ehalhngepi

Byblis gaimmdi

Protomedia sp.

Metopa alderi

Monooulodes ~errwvi
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Amphipoda-Gammaridea (continuecl)

Ampel~sca macrocephala

WstwoodiZla comula

Dul’ich$a  ?.Wispina

POntopo~e~a  femoratiu

til;clz~a  aretica

Melitoides makurovi

RhaehotPopis OCUh&Z

P2eusties panopla

MoncwuZodes  di.anwsus

RILczchotiPoplk natatoi’

p.mkm~llkz amatia

l?umbella muZ&kxzL3eoZa

Parandan<a boeck~

Anon.yz m-rpaetus

E%enopleustm ghber

Mel<&z dm.tata

Pammph~thOe polyacantha  polyacanthu

Monoculopsh i?OYILJklW~S

An~sogamma.ms  macg~n~~~e~

h%ppornedoii  kw~17kus

Oz&iomene c f .  (7. Z;pedzila

POn~Ogen~a  +tianot?~

At~lt4s  hl%ggen~

At~2us L20~li?@

SimzzmE?s Wdentieulatus

IschePoeePus  anguipes

Me2plrtdippa goesi

CycZoea2+s guilehni

Decapoda

Pas@haea  pac~f<ea

Cance2” sp.

C~angon  dali?~

Apg~s Zar

‘I@rnenadopu fpontal~s

Eualus mac~;louta
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Decapoda <continued)

Eualus ston.y~i

Pandalus goniwws

Pandalus borealis

Sergestes  similis

*Chio~ecetes  megalopa (unident. sPP.)

*Oregon<irzze  zoeae (unident. spp.)

Erimuc~us  isenbecki megalopa

Erimacrus isenbecki zoeae

Telmessus  cheirigontis  megalopa

Tei!messus cheirigoniis zoeae

.Pa~aZithodes  eamtsckztiea zoea

Paralithodcs eamhwkztiica glaucothoe

paguridae zoeae (unident. spp.)

Paguridae juvenile (unident.spp.)

Hyas sp. megalopa

Panddus mon.tagui tridens

PandaZopsis  z o e a e  (unident. spp.)

Hippolytidae  zoeae (unident.  spp.)

Crangonidae  zoeae (unident. spp.)

Cyclostomata

Lampeti~a tridez+~tus

Teleostei

*ifalZotus ViZZOSus

Lycodes paleaxis

Lumpenus  nacuZutus

*Rein~d~i~s hippoglossoides

Liparis h.erseheliiius

Agonus acipenscrinus

Theragra  ehalcogranma

Liparis dennyi

CZupea kmwngus pallasi

Lumpenus mcdius

Artediellus paeificus

Cottidae (unident. spp.)

‘Sten.obraehiu.s  Zeucopsarus
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oc.c sc2

21' 2c(nuqGu ebb')
c:ti,3

GTGOGT (couqunq)

TB

Ch.auliodus maeouni

BatihyTasticr sig-n.dus

T~igZops pingeli

Ammodytes hexaptiems



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEI’)ULE

DATE : March 31, 1976

CONTIUCT NUMBER: 03-5-022-56 T/O h~fBER: 13 R.U. NUMBER: 156/164

PRINCIPAL INVESTIGATOR: Dr. R. T. Cooney

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to date as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission l)ates~
From ‘To Batch 1 ~

Discoverer Leg I 1)808 5/15/75 5/30/75 5/15/76

Discoverer Leg II /}808 6/2/75 6/19/75 5/15/76

Discoverer Leg I /}810 8/9/75 8/28/75 6/30/76

Miller Freeman //815 11/10/75 11/26/75 6/30/76

Contract /103-5-022-34 Last Year

Notes: i Data Management Plan.has been
We await receipt and approval
Data Format.

5/15/76

approved and made contractual.
by all parties of necessary

1s0



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : }@rch 31, 1976

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 13

PRINCIPAL INVESTIGATOR: Dr. R. Ted Cooney

Period April 1, 1975 - March 31, 1976* (12 mos)

Salaries & ~?ages

Staff Benefits

Equipment

Travel

} Other

Total Direct

Indirect

Task Order Total

Total Budget

82,764.00

13,970.00

40,000.00

7,600.00

22,250.00

166,584.00

47,341.00

213,925.00

Expended

52,678.84

8,877.85

20,216.90

5,400.70

13,314.12

100,488.41

30,132.30

130.620.71

Remaining

30,085.16

5,092.15

19,783.10

2,199.30

8,935.88

66,095.59

17,208.70

83,304.29

* Preliminary cost data, not yet fully processed.



Following is part 2of the quarterly report R.U.# 156/164(D) for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.



UJ'J H

Dr. John Robinson
Outer Continental Shelf
NOAA/ERL
Boulder, Colorado 80302

U N I V E R S I T Y  OF AL A S K A

Q.
D l?~En’v~FAIRBANKS.ALASKA  99701

January 13, 1976

~‘ ~ ~ 1 9  1976

Reference: Contract

Energy Program

03-5-022-56

Dear John:

Enclosed are quarterly reports for the period ending December 31,
1975, for Task Orders /)13 and 24 to the above referenced ”contract.

Sincerely,.-

/“jIi?/
Donald H. Rosenberg
OCS Coordination O=fice

DHR/hg

C c . : H.
G.

Bruce-with enclosures /

Weller with enclosures
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Quarterly

Project Title:

: Contract Number:

Task Order Number:

Principal ,.Investigator:

RDIEo Euwi”
OCS COORDINATION OFFICE

JAN 1 ~ ]976
~

University of Alaska

‘~,EigG 6 AReport for Quarter Ending December.3

Zooplankton and
‘ in the Bering -

03-5-022-56

13

Dr. R. Ted Cooney

Micronekton Studies
Chukchi/Beaufort  Seas

1. Task Objectives

This research addresses six (6) tasks (or parts thereof)
pertaining to zooplankton and micronekton in the Bering -
tlhukchi/Beaufort  Seas.

A.

B.

c.

D.

E.

F.”

A-9; describe the foo& dependencies of cotionly
occurring species of pelagic fishes as this task
applies to dielly migrating bathypelagic species
sampled with bongo nets and NIO Tucker midwater
trawls.
A-22; stmmiarize the existing literature and un-
published data~n the transfer of synthesized
organic matter to zooplankton  and micronekton
(including ichthyoplankton).
A-23; determine seasonal density distributions and
environmental requirements of principal species
of zooplankton, micronekton, and ichthyoplankton.
A-24; identify pathways of matter (energy) transfer
between synthesizer and consumers.
A-25; idefitify and characterize critical regions
and habitats required by egg’and larval stages of
fish and shellfish species.
A-31; determine the relationships of zooplankton
and micronekton populations to the edge of the
“seasonal icepack as it occurs .in the Bering and
Chukchi Seas.

‘IX .

Of these tasks, all but A-24 (Organic matter transfer pathways)
have been addressed. Pathway information is expected as a
result from two major spring cruises (March-April; 1976) at a
time when the area is biologically very active.

Field or Laboratory Activities

A. Ship Schedule

A successful cruise was undertaken aboard the NOAA vessel
154 “



c Miller Freeman; 10 November - 26 November, 1975 (Biological
and Physical Oceanographic cruise - Leg II). Several loca-
tions in the southeast Bering Sea were sampled and the
edge of the newly forming seasonal icepack was visited.

.’

B.

c.

D“.

l?.

Scientific Party

Mr. David Brickell, Dr. T. .Nishyama, D<r. J: Roberts3 Mr.
Ken Coyle, Ms. J. McKenney, and Mr. C. Zimmerman shared
the collecting duties on the ~ller Freeman cruise.

Methods

Details of the methodology are listed as an OCSEP program
work statement “Environmental Assessment of the Alaska’
Continental Shelf”, No. 3, Fish, Plankton, Benthos, and
Littoral; pp. 89-103..

Sample Localit$.es

Station locations and cruise tracklines have been described
in detail in the cruise report submitted for this effort.
(Mill= Freeman; November 10 - 30, Leg II).,

Data Collected or Analysed

Number and type of samples/observations

1. 40 l-m
2* 16 2-m

(12

net samples were taken (39 locations).
NIO Tucker trawl samples were acquired
locations).

HI; Results

Although our sample processing is on schedule, there has been
no analysis of the raw data presently on hand. However, our
field observations indicate a rich and diverse community of
zooplardctons present at all times adjacent to and over the
continental shelf. A distinct neritic fauna,is encountered
in the nearshore zone, at least during the late spring and
summer seasons. Since our last scheduled deep-water cruise
is in April of this coming year (1976), we anticipate no
difficulty regarding the reporting schedule in addressing the
tasks outlined above with the observations gatheredup  to that
time. Our variance and cluster analyses testing various dis-
tributional hypotheses cannot be undertaken until che sample
processing is completed for all cruises and gear types.

N. Preliminary Interpretation of Results
.

Not applicable.
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v. Problems EncounterecJ/Recommended  Changes

The zooplankton and micronekton collecting efforts. have beeti
greatly enhanced by the help and attitude of the officers and
crew of the NOAA vessels we have used; the Miller Freeman was
no exception. Even in marginal working conditions (November
is getting a bit hairy in the Bering Sea) we were able to
gather samples; However, we did find that the Tucker trawl
is no match for the Freeman at 10 knots. Apparently with a
following sea, even at low RPM’s, the vessel speed was too”
mudh
This
from
most

for this gear, resulting in a couple of “blown” nets.
is no real problem though as”we expect to replace nets
time to time. The fact we were able to sample at all is——
significant.

.
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OCS COORDINATION OFFICE

University of Alaska

“ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31; 1975

CONTIUCT NUMBER: 03-5-022-56 T/O NUMBER: 13 R.U. NUMBER: 156/164

PRINCIPAL INVESTIGATOR: Dr. R. T. Cooney

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the. data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dates (1)

From To Batch 1

Discoverer Leg I #808 5/15/75 5/30/75 3/31/76

Discoverer Leg II #808 6/2/75 6/19/75 3/31/76

Discoverer Leg I #810 8/9/75 8/28/75 6/30/76

Miller Freeman #815 11/10/75 11/26/75 6/30/76

Contract #03-5-022-34 Last Year 3/31/76

15’7

Notes : (1)
lZstinlatcd,  sul}ntj.ssion dates are continF,cnt upon final. approval
of draft data management plai~ submitted to NOAA Nov. 20, 1975
and fjnal  afireemcnt by all parties on the data format.



OCS COORDINATION Ol?FICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT’ NUMBER: 03-5-022-56

TASK ORDER NUMBER: 13

PRINCIPAL INVESTIGATOR: Dr. R. Ted Cooney

Period April 1 - December 31, 1975* (9 mos)

Total Budget Expended Remaining

Salaries & Wages 82,764.00 33,403.50 49,360.50

Staff Benefits 13,970.00 5,389.73 8,580.27

Equipment 40,000.00 17,991.90 22,008.10

Travel 7,600.00 3,248.86 4,351.14

Other 22,250.00 16,384.43 5,865.57

Total Direct 166,584.00 76,418.42 90,165.58

Indirect 47,341.00 19,106.80 28,234.20

Task Order Total 213,925.00 95,525.22 118,399.78

* Preliminary cost data, not yet fully processed.



OCS COORDINATION OFFICE

University of Alaska

Quarterly Report for Quarter Ending December 31, 1975

Project Title: Administrative Support NODC/OCSEP
Representative

Contract Number: 03-5-022-56

Task Order Number: 24. .

Principal Investigator: Mr. David M. Hickok

I. Task Objective

To provide office and secretarial support for an EDS employee.

II. Field and Laboratory Activities

None.

111.’ Results

EDS employee, Mike Crane, occupied the office in November, 1975.

IV. Problem Encountered

A problem occurred between EDS and contractor over final budget.
It is our understanding that this problem has been resolved.
An estimated addition to the budget was submitted to Mr. C.
E. Cotton of EDS to
calls, supplies -and

cover such items as long distance telephone
xerox services.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 24 R.U. NUMBER:

PRINCIPAL INVESTIGATOR: Mr. David M. Hickok

No environmental data are to be taken by this task order as
indicated in the Data Management PI~~, A schedule of sub-
mission is therefore not applicable .

NOTE: (1) Data management
October 9, 1975

plan was submitted to NOAA in draft form on
and University of Alaska approval given on

November 20, 1975. We await formal approval from NOAA.
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OCS COORDINATION 0?7FICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE: December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 24

PRINCIPAL INVESTIGATOR: Mr. David M. Hickok

Period September 1 - December 31, 1975 * (4 mos)

Salaries & Wages

Staff Benefits

Equipment

Travel

Other

Total Direct

Indirect

Task Order Total

Total Budget

4,165.00

708.00

-o-

-0-

2,691.00

7,564.00

2,382.00

9,946.00

Expended

728.95

123.92

-o-

-o-

1,294.07

2,146.94

416.96

2,563.90

Remaining

3,436.05

584.08

-o-

-o-

1,396.93

5,417.06

1,965.04

7,382.10

* Preliminary cost data, not yet fully processed.





ANNuAL RZiORT

Contract # 03–5-022-56

Rese.arch Unit # 159/164@~ @~7~

Reporting Period 4/1/75-3/31/76

Number of Pages ~.2

PHYTOPLANKTON STUDIES -“BERING SEA

Vera Alexander

Institute of Marine Science

University of Alaska

March 31, 1976
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I . TASK CJIUELYIVES

The princi.p=.l task jnvol.wd in this pro~ram is to study the dynamics

of phytopl.ankton populations pa~ticilla~-l.y  along the edge of the se.asonsl.

ice-pack in the lkrin.g Seaj and with mphasis on clescri.bing the probaFJle

effects of petroleum dev-el.opment  impact. The southeastern 13eri~ig Sea is a

highly productive area in terms of fj.sheries, and as such is very important

to the Alaskan economy. In addition, the Bering Sea shelf as well. as the

southeast shelf-break area supports large populations of birds and marnnals.

This suggests a rather dynar,ic system in terms of phytoplankton  procl”uccivity.

The problem is, however, that the phytoplankton  primary productivity which

supports all the activity

this area, and its timing

bably extremely important

to determining safe human

hQher in the food chain is highly seasonal in

and the mechanisms of food chain transfer are pro-

to maintaining the integrity of the system. Prior

development, it is absolutely essential that the

exact nature of the highly seasonal ph>7topiankton  production peaks is known,

and the major pathways and rates of transfer of this food chain base to

higher levels is understood. This is a very large and difficult task, cer-

tainly beyond any short-term project capability. However, by obtaining

certain minimum data on seasonal productivity of phytoplankton populations,

understanding inparticular  the unique role of ice in this system, and by

carrying out a program coordinated with zooplankton  studies, a significant

beginning can be made which will provide sufficient understanding for a

first cut opinion and estimate of impact. This, then, describes two of the

tasks originally laid out in the proposal for this program: to study the

seasonal dynamics of production with emphasis on the ice-edge and to

1
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cooperate with the zooplankton prog~am in designing and executiufi  cxperi-

rnen.ts to measure organic matter transfer between primary producers and zoo-

planktone The third aspect is to be a review of the foreign ancl domestic

literature dealing with phytopl.ai-tkton in the eastern Wring Sea south of

St. Matthew Island, and obtain and incorporate currently unpublished mater-

ial dealing with the region,

11? FIELD OR LABORATORY ACTIVITIES

A, Ship Schedules

Three separate cruises have been undertaken. They are listed here,

and most of tihe additional information below will be separated out by

cruise or cruise leg.

1. Cruise 808. Diseove~ep,  Leg 1. May 15-May 30, 1975. NOAA
Cruise 808. Diseovenm, Leg 11, June 2-June 20, 1975. NOAA

2. Cruise 810. Discoverer, Leg I. August 9-August 28, 1975. NOAA

3. Cruise 815. Miller Freeman, Leg 11, November 10-November 30, 1975.
NOAA

B. Scientific Party

Cruise 808, Leg 1:

Vera Alexander, Chief Scientist, University of Alaska,
David Briclcell, Technician, University of Alaska

Cruise 808, Leg 11:

David Brickell, Technician, University of Alaska

Cruise 810:

David Brickell, Technician, Chief Scientist, U. of A.
Carl Zimmerman, Technician, University of Alaska
Greg Malinky, Graduate assistant, University of Alaska
John Yurek, Technician, University of Alaska



Cruise 815:

David Brickell, Techniciark, University of Alaska
Carl Zimuermann3  Technician, University of Alaska

c. ]fethods

1. Field sampling

The following

Chlorophyll ~

and laboratory analysis

analyses were carried out on all cruises:

- samples taken from C131 casts from several depths

were filtered through glass micropore filters, and either frozen immedi-

ately, or alternatively when possible the filters were extracted imiiec?i-

ately in 5 ml of 90% acetone, extracted in the dark for 24 hrs, cen-

trifuged and spectrophotometric  analysis of the pigments carri~d out. For

the frozen filters, a similar analysis was carried out upon return to the

laboratory.

Nutrients - The water samples were filtered through glass micropore

filters into well-aged polyethylene bottles (125 ml) and immediately fro-

zen. Analyses were carried out for nitrate and nitrite, ammonia, silicate

and phosphate upon return to the laboratory, using automated methods.

Phytoplankton populations - aliquots of the CTD cast were placed in

screw-top glass vials, and preserved with a modified acetic acid Lugol’s

solution. Counting was carried out upon

sedimentation and an inverted microscope

Primary productivity - samples from

glass bottles, dark and duplicate light,

14C as HCO~. Incubation was carried out

return to the laboratory using

technique.

five depths were placed into

and each was treated with 5 uCi

on deck at approximately in situ

light conditions in a light graded incubator kept at constant temperature

by running sea water. Following 6 hours incubation, the samples were fil-

tered through an HA Millipore filter, the filter dried, and counted upon

3



return to the laboratory. Calculations use pH and alkalinity information

to determine the inorganic carbon available. This was done as follows:

pH was determined on shipboard using a Coleman pH meter. Alkalinity was

done by addition of a standard volume of acid and back titration with

NaOH.

During the ice-covered season, SIPRE cores were taken from the ice

pack, and the lower portion analyzed

primary productivity as above.

On one occasion, sediment cores

for chlorophyll and on one occasion,

were squeezed in sections to obtain

water for interstitial nutrient gradient determinations. On this occasion,

15
measurement of uptake of N labelled ammonia and nitrate in the water column

was carried out. Standard mass spectrometry  using a modified Bendix Time-

15
of-Flight mass spectrometer was used to determine N content of particu-

late material recovered on a glass micropore filter.

D. Sample Localities

Cruise tracks and stations for the major cruises undertaken by this

project are shown in Figure 1. The specific nature of the stations was

determined by the ice edge location for Cruise 808, and by the locations

of stations selected for other biological programs from the station grid for

other cruises. Emphasis in all cruises was to get some stations on either

side of the shelf break in order to assess the role of mixing in this area

in possibly enhancing primary productivity, some in the area under the in-

fluence of the Aleutian Passes for the same reason, and some up onto the

shelf to determine the seasonal activity in the system in order to better

estimate the relative significance of the spring bloom phenomena.

;6,7
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E. Data Collected or Analyzed

Cruise 808

1. Number and types of samples:

Phytoplankton samples 65 from 19 stations
Chlorophyll ~ 442 from 57 stations
Nutrients 187 from 28 stations
pH 96 from 17 stations
Alkalinity 96 from 17 stations
Primary productivity 96 from 17 stations
12 ice cores were obtained and examined for chlorophyll in the
lower sections, and an attempt was made to measure primary
productivity on one.

2. Number and types of analyses:

All phytoplankton counts, chlorophyll analyses, major nutrient
analyses (Phosphate, silicate, nitrate and nitrite and ammonia)
are complete. Primary productivity samples have been counted,
and alkalinity determinations carried out. Key punching for
final calculations is underway, but temporarily interrupted by
all technical personnel being involved in the current Surveyor
Bering Sea cruise.

3. Miles of trackline:

Not known , and not significant for this program.

Cruise 808, Leg II

1. Number and types of observations/samples:

Phytoplankton samples 18
Chlorophyll ~ 140
Nutrients 145
pH 25
Alkalinity 25
Primary productivity 25
Oxygen 52

2. Number and types of analyses:

Same as for Leg I, above. All analyses are completed except
for the final calculation of the primary productivity results.

3. Miles of trackline:

See Leg I, above.



1.

2.

3.

Nlwober and types of samples /ol>ser~;atiolls

J%ytc, plankton samples 67
Chlorophyll ~ 200
Nutrients 200
Primary productivity}’ 74
Alkalinity 74
pH 75

?5
d.iment nutrients 2
N uptake 4

Number and types of analyses

Same as ~bOve, Each nutrient sample was analyzed for four
nutrients. All zcalyses  are completed and calculated except
that primary productivity results still need final calculation.

Miles of trackline:

Not knowm

Cruise 815

1. Number and types of samples:

Phytoplankton  samples
Chlorophyll ~
Nutrients
pH
Alkalinity
Primary productivity

2. Number and types of analyses:

Processing of the samples according to the methodology presented

50 from 13 stations
106 from 39 stations
276 from 39 stations
63 from 14 stations
63 from 14 stations
63 from 14 stations

above has been underway, and is
of finalizing the phytoplankton
mary productivity results. All

3. Miles of trackline:

Not known

now complete with the exception
counts and calculating the pri-
chemical procedures are complete.



111. RESULTS

The timin~ of this report precludes detailed presentation of re-

sults, since all personnel involved in the project are currently out at

sea on the major seasonal effort for this project, and the past weeks

have in part been occupied by preparing for the cruises as well as com-

pleting sample and data processing to date. We are attempting to submit

all the data for 1975 within a short time. However, some preliminary

analyses have been done with the data to determine relative processes be-

tween season and location. In this present discussion, I will start

with the main thrust of this project, which is the role of ice-edge phe-

nomena in the annual production cycle.

A. The Ice-Edge Studies

Results obtained during the zig-zag maneuvers near the ice edge

(within 25 miles) are shown in Table X. These data do not, of course, in-

clude the primary production data since these are still in the final cal-

culation stage. Also, details of the phytoplankton  are not given here,

but rather the total numbers in cellslliter. Considerable work needs to

be done with raw phytoplankton  data in the way of synthesis, since signif-

icant changes

The bloom

miles, and has

Within the ice

with depth and region seem to occur.

along the ice-edge appears to extend out to at least 50

many of the characteristics of a normal spring bloom.

pack itself, surface chlorophyll ~ levels were considerably

lower than outside the ice, although there was some variability in this

between areas. ‘lIte stations far to the east showed this effect much more

8
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‘I’able I. A

In-ice stat~. ons

Depth Station
(In)

0.0 1

2

3

21

35

45

10.0 1

2

3

21

35

45

20.0 1

2

3

21

35

45

40.0 1

2

3

21

35

45

Preliminary Synthes;_5 of the Ice-lklge  ‘ho?~sccts - My 1975

Pi-rytoplank-
ton ~03+ N<3-N SiO. -Si P04-P Chlorophyll
(c.fills/lil~cr) (!-ig-atoms/li/er) ~ (vgllit:~r)

6.03 x 105

4.33 x 106

1.10 x 106

1.71 x 106

3.09 x 106

3.98 x 106

1.66 x 105

2.32 X 105

6.98x 105

2.77 X 105

9.2

0.0

0.0

11.7

03.7

00.0

19.2

20.4

06.1

11.3

17.8

06.8

00.3

01.0

00.9

00.1

00.7

00.8

00.7

00.9

00.7

00.4

01.1

01.1

9

042.

015.

000.

046.

034.

001.

056.

054.

020.

048.

050.

023.

3.12

0.71

0.97

1.03

1.37

1.32

0.68

1.45

1.57

3.71

2.03

1.77

4.32

2.89

6,01

32.73

12.42

16.97

2.50

3.32

5.20

29.41

22.94

12.35

0.90

1.11

1.03

8.64

5.22

15.85

o.95(30m)

0.30(30m)

0.74(30m)

2.73

3.90

2.17



:ro

oo.

I n - i c e  stations

Phytoplmk-
ton N03-N NH3-N Si03-Si P04-P Chlorophyll

Depth Station (cells/liter)
(m)

(D~-atoms/liter) -a_ (Pg/liter)

0.0 4

6

9

20

31

32

36

46

10.0 4

6

9

20

31

32

36

46

20.0 4

6

9

20

31

32

36

46

40.0 4

6

9

31

32

36

46

6.59

5.09

4.67

3.59

6.45

1.71

1.16

7.07

7.52

x
.

x

x

x

x

x

x

x

x

106

106

106

106

106

106

106

105

105

00.0

00.0

00.8

00.1

00.8

—

00.0

01.2

00.8

00.2

00.9

08.4

17.7

15.2

09.8

04.9

11.0

16.2

06.0

10.7

00.5

00.5

00,4

00.7

00.3

00.4

00.5

00.6

00.6

00.2

00.4

00.9

00.2

00.6

00.7

00.4

00.3

01.6

009.

011.

002.

003.

006,

008.

019.

008.

002.

006.

026.

056.

050.

028.

018.

035,

055,

016,

1.12

1.26

1.62

1.20

1.15

1.46

1.86

1.67

1*15

1.14

0.56

3.46

3.48

-’

1.69

1.25

1.02

0,95

1.51

1.85

7.42

16.52

21.82

27.65

23.45

35.70

20.72

21.24

8.31

26.04

27.64

22.73

25.38

35.79

26.52

20.17

6.31

6.46

3.93

3.10

7.80

5.81

6.32

11.53

1.20

2,64

1.86

5.09

4.57

2,62

2.26



5 miles from ice-edfie  statims

Phytoplank-
ton N03-N NH3-N Si03-Si P04-P Chlorophyll

Depth Station (cells/liter} (pg-aLoms/liter) ~ (@liter)

5.85 X 1060.0 5

10

19

22

30

31

37

45

47

5

10

19

22

30

31

37

45

47

00.0 00.6 006. 1.20 7.80

31.59

27.16

21.07

25.08

23.45

25.56

16.97

8.89

00.2 00=1 002. 1.23

6.84 X 106 00.0 00.6 008. 1.21 11.71

7.60

21.02

20.89

21.13

25.38

31.16

12.35

10.28

.

04.3 00.7 020. 0.93

5 4.80x 105

10

19

22

30

31

37

45

47

20.0 19.3 00.9 057. 3.54 1.40

1.86

1.91

4.26

35.41

7.80

5.36

15.85

10.43

08.0 006.00.5 0.97

‘-1 1“/4



5 miles from ice-edge stations (cent’ d,)

Phytoplank-
ton N03-N hW3-N SiO -Si

$
P04-P Chlorophyll

Depth Station (cells/liter) (pg-atoms/li er) ~ (vg/liter)
(m)

40.0 5 2.80 x 105

10

19

22

30

31

37

45

47

16.5

11.7

01.0

02.6

049.

040.

2.15 -

2.07

1.88

9.86

1.96 7.56

5.09

4.19

2.17

2.33

12
175



10 mile from ice-ed~e stations—— —-

Phytoplank-
ton N03-N N1+3-N Si03-Si P04-P Chlorophyll

Depth Station (cells/liter) (~lg-atonls/liter) A (vg/liter)
(m)

0.0 u

18

23

29

38

44

48

10.0 11

18

23

29

38

44

48

20.0 11

18

23

29

38

44

48

40.0 11

18

23

29

38

44

48

2.80 x 106

4*1OX 106

1.83 X 106

Y

00.0

00.6

00.1

00.0

00.6

00.3

11.7

06.3

06.0

15.7

14.9

15.1

00.2

00.4

00.3

00.1

00.3

00.4

00.2

00.3

00.5

00.5

00.2

00.8

1.3

001.

003.

002.

002.

003 ●

002.

034 ●

019.

021.

045.

049.

041.

1.27

1.40

1.O1

1.26

1.04

1.03

2.30

2.21

1.45

3.42

3.49

1.90

21.02

25.56

15.57

22.63

22.00

21.86

10.94

17.21

21.40

17.14

19.17

21.33

20.59

10.31

14.02

21.02

16.21

14.28

14.72

15.82

8.54

2,47

3.03

3,28

6.85

4,02

4.22

1.68



15 mile from ice-edge stations

Phytoplank-
ton N03-N NH3-N SiO -Si

“2
P04-P Chlorophyll

Depth Station (cells/liter~
(m)

(Ug-atoms/11 er) ~ (llg/liter)
\

O*O 12

17

24

28

39

43

49

12

17

24

28

39

43

49

12

17

24

28

39

43

49

J.’

00.3

14.34

12.43

13.85

15.60

17.24

21.61

15.04

19.21

16.22

18.05

12.79

0.892.58 X 106 00.0 003 ●

10.0

1.91 x 106 00.8 00.2 003 b 1.52

18,32

21.94

4.97

1.24

18.06

17.55

14.39

16.00

20.68

23.84

1.79 x 106 00.9 00.3 003.

40.0 12

17

24

28

39

43

49

3.66

7.25

3.23 4.33

7.53

2.54

3.06

4.79

11.2 00.1 038.

17’7



~~ ~lil~ from ice-e~:~ stations. . -—

4Phytopla]lk-
t oil No~-N NH3-N SiO -Si

“?
P04-P Chlorophyll

Depth Station (cells/liter) (llG-atoms/11 cr) s (Bg/liter)
(m).k——

0,0 13

16

25

27

40

42

50

10.0 13

16

25

27

40

42

50

20.0 13

16

25

27

40

42

50

40.0 13

16

25

27

40

42

50

2.26

1.98

3.46

3.57

2.92

x

x

x

x

x

106

106

106

106

106

4.68

2.33

1.77

x

x

x

106

106

106

2.51 x 106

00.5

0.00

02.1

00.1

00.5

00.2

00.6

00.1

12.7

00.9

04.5

00.1

13.1

11.3

14.4

00.1

()().2

00.6

00.4

00.1

00.2

00.8

00.4

00.1

00.2

00.9

00.3

00.0

00.4

02.4

00.5

01.7

000.

002.

004.

006.

000.

003.

006.

006.

040.

006.

016.

005.

041.

037.

043.

028,

0.36

0.67

0.81

1.17

1.26

0.92

1.07

1.06

3.05

1.05

1.37

1.71

3.16

1.81

1.96

1.52

8.81

5.31

13.61

7.87

19.52

29.95

27.48

8.41

7.82

14.29

17.34

11.53

21.36

28,99

6.76

10.83

14.22

22.65

8.86

18.58

26.31

6.89

7.32

7*43

8.25

2.94

3.43

5,36

15 178



25 mj.1.e f?:om i.ce-ed~e stations—  —. — .

Phytoplank-
torl N03-N NH3-I? SiO -Si

“?
P04-P Chlorophyll

Depth Station (cells/liter) (pg-atoms/11 er) ~ (Ug/liter)
(m)

0.0

10.0

20.0

40.0

14

26

41

51

14

26

41

51

14

26

41

51

14

26

41

51

4.23 X 106

3.92 X 106

2.57 X 106

00.0

00.7

06.6

15.9

00.3

00.4

00.6

00.8

004.

006.

019.

044.

0.86

1.02

1.10

2.04

18.63

6.58

19.11

18.88

21.98

6.31

24.81

17.45

10.78

7.39

6.88

8.52

8.81

9.37

6.99

4.21

16 179



stron~l-y  (1, 2, 3)9 whereas rather hfi.gl~  chlorophyll levels I17ere found at

stations 21, 35 and 45. The nutrient stt~ati.on  w~s also varizble between

Stati0i2s. Station 1, with its lower chlorophyll. and cell numbers, had

relatively high nutrients in the surface waters, with a tendency towards
!.

lower qmntities at the 10 and 20 meter levels, returning to maximum once

again at 40 meters. At stations outside the ice, all stations showed

signs of nutrient depletion, particularly for nitrate in the surface

waters. Silicate levels were much lower than in the ice. Uniformly high

chlorophyll levels were found in all stations except one, and these extended

down through the 10 meters depth level. The situation was similar at the

5 mile stations with nitrate low, silicate lower than at the ice edge,

and phosphate about the same. Once again, high chlorophyll levels (17-31

ug/liter) were found at the surface except for two stations, and once again

these levels extended through the ten meter depth level. At the ten mile

stations, silicate was

nitrate was still low,

rophyll and cell count

this trend downwards in

as a whole) continued.

for the first time, and

aven lower in concentration in the surface waters,

md phytoplankton populations as evidenced by chlo-

~ata were somewhat lower than at 5 miles. At 15 miles,

chlorophyll and cell numbers (for the water column

Surface phosphate levels showed a significant decline

silicate levels are extremely low (3 pg-atoms/

liter). By 20 miles from the ice edge chlorophyll levels at 10 the surface

ranged from 5.3 to 29.9, but with more stations at the low end of the spec-

t rum. There was now a tendency for a larger proportion of the population

to exist at greater depth (20 meters).

A transect away from the ice edge which extended for 100 miles (Table II)

showed that surface chlorophyll did not, on the average, show a marked

17
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TABLE 11. Transect away from ice-edge May .1975

Phytopl. ank-
ton N03-N NH3-N SiO -Si

“?
P04-P Chlorophyll

Depth Station (cells/liter) (Ug-atoms/11 ‘er) ~ (pg/liter)

0.0 46-ice-edge -

47-5 miles -

48-10 miles -

49-15 miles -

50-20 miles 3.46 x 106

51-!?5 miles -

52-30 miles -

53-50 miles -

55-100 miles -

10,0 46

47

48

49

50 4.68 X 106

51

52

53

55

20.0 46

47

48

49

50 2.51 X 106

51

52

53

55

00.8

0,0.1

01.1

00.9

00.1

00.8

04.9

00.1

00.7

00.3

00.1

00.1

00.2

00.1

00.1

00,7

00.0

00,1

006.

006.

008.

006.

006.

006,

018.

005.

006.

1.15

1.17

0.92

1.14

1.06

0.24

1.25

1.71

1.73

21.24

8.89

10.94

15.04

27.48

18.88

19.98

13.49

5.11

20.17

10.28

10.31

21.94

28.99

17.45

23.70

15.06

4.41

11,53

10.43

8.54

23.84

26.31

8.52

25.15

4.04

5.40

18
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TABLE

40.0 46

47

48

49

50

51

52

53

55

11. Tra?lsect  away frcm icc-eci~e May 1975 (cent’ d.)

Phytopl.ank-
ton !<03-N NIJ,,,  -.N Si~3--Si P04+ chklro~hyl.1
(cells/liter) (]j~-atoms/li.tcr) a (l!G/.Li.ter)—

—— — — .

10.7

00.1

04.8

00.7

0s.7

G0,6

035.

013.

S.85

.-

1.52

2.27

2.26

2.33

1.68

4.79

5.36

4.21

5.56

5.50
8.69



decline wi;h distance from ice edge within the first 39 miles, but that by

50 and 100 miles the levels had dropped s.j.gnificantly. At a distance of

100 miles f~om the ice ecl~e , maximum chlorophyll was found at 40 meters, a

situation fouud in this area on a previous cruise during early summer. All

surface nutrient levels measured within the 300 mile zone were low.

Much more sophisticated data analysis must be carried out before

we can discuss in detail the distribution of phytoplanktcm species during

the spring bloom period. In one station witt,in the ice, there appeared to

be very low species diversity, although the total numbers of cells were

not extremely lo-w. There were simply not many species present. The pop-

ulation was dominated by Frag<Zariops?k  spp. , Me20s<ra moniliformis  and

Parvicorbieula socialis c~. and other choanoflagellates. At a station

outside the ice-edge, diversity was much increased and the total number

of different species present was much higher. Dominant forms were

Fra@Zc&opsis spp., Chuetoee?os  soeialis, Thulassiosira  no~denskioldi

and Craspedophyceaea  (choanoflagellates), In addition, at 10 and 20 meters

depths, buc not at the surface, Iiavicula  pelagiea, Melosira rnonilifomnis

and T’h.ubssiosira ~otula  also occured. These forms were found at other

ice-edge stations at the surface as well as at greater depths. At a

station 20 miles from the ice edge (station 50), there was low species

diversity at the surface and an increase with depth. Fragilariopsi.s

was still the major form, and choanoflagellates were relatively less im-

portant.

B, Transect Along the 50 Meter Contour

Three staeions  along the 50 meter contour were summarized in Table 111.

Here, although chlorophyll levels are lower than in the ice-edge vicinity,

20
183



Table 1X1. Stations alon~ El”le 50 meter cOntour - YHy 1975

Phytopknk-
ton 1?03-N I’W3-N SiO –Si

2
P04-P Chlorophyll

Depth StatjOl”l (celis/liter) (Pg-atoms/l.j-er) g (P2/liter)
(lllj —

0,0

10.0

20.0

30.0

40.0

60.0

56

57

58

56

57

58

56

57

58

56

57

58

56

57

58

56

57

58

1.34 x 106

1.27 X 106

1.18 x 106

05.7

00.6

00.4

05.7

01.1

01.5

06.0

03,9

02.6

06.0

04.0

03.7

06.7

04.6

03.9

12.4

15.8

10.2

00.1

00.0

00.0

00.0

00.0

00.1

00.0

00.1

00.2

00.1

00.1

00.1

00.1

00.2

00.2

00.5

00.5

00.6

022.

005.

009.

021.

008.

006,

022.

014.

008.

022.

015.

010.

022.

016.

010.

032.

040.

028.

1.90

1.47

0.53

1.97

0.32

0.94

1,80

1.68

1.05

1.20

1,73

1.14

1.45

0.46

1.16

2.47

1.36

1.64

6.78

6.18

10.11

4.30

13.64

11.16

7.36

15,77

11.18

5.10

14.20

10.70

4.41

11.78

6.33

5.10

1.78

11.04

21



it can be seen that they are still not. very low, and that significant

chlorophyll. concentrations are found down to a depth of 60 meters. The

tOtal Ch].OUOph>~~]- under a square meter of surface, then, may be consi-

derably ~reater than the amount near the ice edge, although it is unlikely

that the chlorophyll. in excess of 30 meters is very active in terms of

photosynthetic efficiency. Principal species in thj.s transect was

Chaetoceros debilis, and this comprised a very marked majority of the

cells present. Also present in abundance was Thalassio~si~a  decipiens

at the surface. At 10 meters, CZaetioeeroz  debilis was the most abundant

form, and at 20 meters the same species was dominant, with choanoflagellates

also present in abundance. Cell numbers were markedly lower than at the

ice-edge.

c. Stations Under the Influence of the Aleutian Passes (Table IV)-

These stations showed high

substantial chlorophyll levels,

ice edge levels. However, here

phytoplankton  numbers and variable but

although these are not comparable to the

again, the relatively high levels persist

through the 30 meter

production.

Nutrient levels

depth level, and

are quite low in

cotlld account for a considerable

the surface 30 meters and thereafter

increase substantially. Nitrogen nutrients are very low in the surface

waters. There are very large varieties of species present, and although

Chetoccros debitis is present in significant numbers, it is not one of

the major contributors to the population here, Most abundant at the

surface are Chaetoeeros s~pten.rio?ulis, 2%aZassiosira ckcipiew,

Thalassiosira nodenskioZdi,  Chaetoeeros furcellatus, but the major
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Table IV. 2yntlle.si.zcd  date from the Alc:uLian Pass area - Fly 1975

Pllyt:opl.ank-
ton X03-N Nil=-l? Si03-Si P04-P Chlorophyll

DepLh stat~.on (cell.s/J-iEcr) (lJ~-fitcfifis/liter) ~ (vg/liter)
(m) ——

0.0

10.0

20.0

30.0

50.00

75.00

59

60

61

62

59

60

61

62

59

60

61

62

59

60

61

62

59

60

61

62

59

60

61

62

-.

5.72 X 106

4*47 x 106

4.50 x 106

‘-

00.3

00.1

00.3

00.7

01.7

00.3

01.6

01.9

02.8

03.1
(34.3

04.9

02.6

13.3

14.7

11.6

16.9

24.5

130,2

00.3

00.2

0062

00.3

00.3

00.2

00.2

00.2

00,2

00.2

00.3

00.2

00.6

00.2

00.4

00,4

00.3

006.

004.

005.

006 e

006.

005.

007,

005.

008.

010.

009.

012.

008.

021.

037.

030.

039.

065.

0.81

0.80

0.72

0.79

0,86

0.75

0.71

0.94

0.90

1.07

1.13

1.14

O*94

1.66

1,62

1,87

1.81

2,15

15.27

4.58

15.25

5.46

12.56

5.84

17.78

6.97

11.22

4.73

16.10

7.56

12.85

4.59

10.85

2.93

3.52 (60 m)

0.67 (60 m)

5.38

1,64

4.55 (80 m)

0.73

0,78
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organism in the pl”lytOplanlctOil p0pU12tiCil was H??’ZcMc/J.~tiS .Sp. , accounting

for mo~e than 70% of the pop!llation. At 10 meters, Ckeboceros soc~a~~s

increases 11? abundance; al.thcugh the other components found at the surface

are also present.

D. A very l?reliminary LOOIC ~t the Summer and Fall Situation.

Chlorophyll ~ levels during the cruise taken in August \iere extremely

low, ranging from 0,03 to 2.40 ug/liter. This is a marlced contrast to

the spring bloom situation encountered in May. Similarly during the

November cruise, the only significant activity was associated \iith the

Aleutian passes or the Yukoil River. These data have not been synthesized

yet in sufficient depth for detailed analysis, but the picture of a

relatively inactive system is clear.

E. Zooplankton  Grazing and Trace Metal Toxicity Results.

In an attempt to further the understanding of the effects of trace

metals on the growth rates of marine plankton algae, a set of experiments

was done on the first Leg of the KG-75-4 cruise of the Hakuho-Marw of the

Ocean Research Institute, University of Tokyo. The cruise began 21 June

1975 at Tokyo, and of the work reported here three stations (3, 4, and 5)

were done off the Kuril Islands or Kamchatka. A west-east line of sta-

tions across the Bering Sea at 57° N started near Kamchatka (Station 7,

167”E) and ended in Bristol Bay (Station 15, 163° W). The work terminated

in Dutch Harbor on 14 July’ 1975.

The primary activity of this project was to follow phytoplankton

growth responses to

mitted, trace metal

copper using Coulter Counter techniques. As time per-

analyses using anodic stripping voltammetry  also were
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done. Scientists from the Ocean Research Institute and other Japanese or-

ganizations collected information (m many parameters (including nutrients

and algal. speciati.on)  wh~.ch will be helpful. in thLa interpretation of

these data.

The volume of pazticles in the size range from 4 to 80 u was de-

termined on natural seawater samples and on subsamples  which had been in-

cubated in a running

eluded extraordinary

of zooplankters, and

pg at. P04-P and 4.5

seawater deck tank. Preparations for incubation in–

care to avoid trace metal contamirtation,  the rep.oval

the addition of a moderate amount of nutrients (0.3

Ug at N03-jl). The change in particle volumes in

subsamples  with and without added copper was assessed routinely after c%.

100 hours. In addition some samples were measured also at shorter time

intervals to check for changing growth rates and lag phases. A summary

of the results (Table V) indicated that in almost all cases a distinct

suppression in growth was associated with the addition of as little as 2

pg Cu/1, and growth was inhibited further at higher copper concentrations.

The plots of cell volume in the various cell size categories (Fig.

2-9) indicate that responses often were not uniform and that the nannoplank-

ton, which generally were abundant in the nutrient-poor samples, displayed

a wide variety of responses to added metals, while the larger microplankton

almost always were suppressed by added metals.

Zooplankton grazing produced dramatic changes in the particle volume

distributions in this work, as evidenced in Figure 10, (Station 7, 0 m),

where Calanus phmchx%s

per liter, or in Figure

abundance of polychaete

deliberately were added at the rate of 3.3 organisms

11, (Station 15, 0 m), which had a high natural

larvae. Obviously grazing is a variable that

somehow must be controlled in this kind of experimental work.
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Table V. Changes in particulate volume (% of controls without Cu)

followin: copper aclditioi”ls  pnd incu},fition  in natural li~llt

at seawater surface temperature for ca. 100 hours.

—.

Copper added (ug Cu/1)

Station Depth (m) 2 & 8— —

2/0

4/0

4/50

5/0

5/50

7/0

7/0 + EDTA

11/0

11/30

15/20

102

70

47

77

61

51

74

93

52

89

101

48

14

79

57

51

66

50

43

79

36

16

8

60

46

31

39

43

90

74

,
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The date b a s e  i.s too small to place

generalizations, but it appears that the

mu~h confidence in detailed

inshore stations with their

greater continental influence were less dramatically affected by metal

additions than were the open ocean samples. In several samples nannoplank-

ton appeared to grow vigorously at high copper concentrations after a

several day lag pericd, suggesting that population changes rather than

productivity changes may be the long-term major result of environmental

trace metal perturbations.
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I V . PRELIMINARY INTERPRETATION

The annual cycle of primary productivity

OF RESULTS

in the Eastern Bering Sea

appears to follow the following type of pattern. The period of ice melting

in May (and probably

tivity, particularly

tivity appears to be

response to exposure

and which strips the

also earlier} is a time of high phytoplankton  ac-

in the region behind the retreating ice. This ac-

a normal spring bloom phenomenon, which develops in

of the sea to light concommitarit  with ice removal,

water of essential nutrients. Nitrate (and possibly

silicate) are reduced co very low levels at a short distance from the ice,

and presumably the activity terminates shortly thereafter. By the time we

have completed another spring

we will have a better idea of

was sufficiently far south so

cycle and covered

this. During our

that it was not a

the early spring period,

spring cruise, the ice

great distance from the

ice to the 50 meter contour and then to the major shelf break. Much of

this area is under the influence of mild upwelling  and mixing due to

passage of water through the Aleutian Ilasses, and it is

find substantial phytoplankton activity, although lower

many of the stations.

We have previously observed that shortly after the

not surprising to

than ice edge, at

spring bloom

time, when the ice has retreated to its summer latitude, the only signi-

ficant chlorophyll ~ can be found at greater depths in the water column,

at 30 or 40 meters. In this shelf area, this can be ‘rather close to the

bottom. There was a hint of this developing in the May Discoverer Cruise,

where a transect away from the ice showed a depression of chlorophyll with

a maximum at 40 meters 100 miles from the ice edge. By the August cruise,
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however, no such deep chl.orcphyll  was found, and the phytoplankton activity

was extremely lo-w at almost all locations. The same was trua for the

November cruise.

The first seasonal cycle, then suggests that spring bloom

extremely important to the Bering Sea ecosystem, and that m,ost

time is

of the

primary organic matter input probably takes place at this time. A fall

bloom does not appear to occur on the shelf, although fall activity may

well increase somewhat in the Aleutian area. By the time the current

March and April cruises are completed , b-e will have com?leted a year’s

cycle, essentially. More data are yet needed to quantify the input

accurately on a seasonal and

siderable effort must now be

to obtain a clear picture of

spatial basis. Even more important, a con-

put into synthesis of the existing data

the distribution of activity.

There appears to be a considerable variation in the detailed struc-

ture of the phytoplankton  population spatially, with the ice-edge com-

munity having some dominant species which are absent in the open water

community away from the ice edge, and this may again differ with pop-

ulations found near the Aleutian Pass region.

v. PROBLEMS ENCOUNTERED/RECOMMENDED CHAIXGES

Very few major problems have been encountered and the data gath-

ering and analysis has gone very smoothly on the whole. Our major dif-

ficulty has been carrying on the laboratory analyses and data processing

and at the same time rnaning 5 cruises within a 10 month period. So far,
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we have kept up, but the primary productivity results have not been cal-

culated yet as a result of this type of problem, However, the coverage

obtained during this first year has been outstanding, and ~-e have a

wealth of data to

For the next

fill in time gaps

work with,

year, we would

and to confirm

like to continue

activity levels.

the field program to

One season is never

considered an adequate base for estimates of total input. In addition,

we will need to spend more time on working with data in order to obtain

maximum benefit from the work

In order to approach the

is the spring bloom, a little

into the design for next year.

done.

problem of how important and how vulnerable

experimental work needs to be incorporated

The importance will be estimated as

total proportion of annual input during this period, and also by looking

at the food chain implications using grazing rate determinations as a

first approach. Divers could also make visual observations on the role

of the under-ice bloom (in the lower few centimeters of sea ice) in the

food chain. This would be highly desirable, since several people have

reported observing juvenile cod or amphipods actively grazing on the ice

underside, there has been no quantitative or even semi-quantitative work

done on this to my knowledge.
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OCS COORDINATION OFFICE

University of Alaslca

ENVIRONMENTAL DATA SUBMISS1ON SCHEDULE

DATE : March 31., 1976

CONTRACT NUMBER: 03-5-022-56 T/O NLT!BER: 1 R.U. NUMBER: 159/164

PRINCIPAL INVESTIGATOR: Dr. Vera Alexander

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to date as identi-
fied in the data management plan.

Cruise/Field Operation ColSectLon Dates Estimated Submission Datesl
From To Batch 1 2 3 4—..

Discoverer Leg I #808 5/15/75 5/30/75 5/15/76 5/15/76 5/15/76 Unknown

Discoverer Leg II #808 6/2/75 6/19/75 5/15/76 5/15/76 Kone v~ one

Discoverer Leg I #810 8/9/75 8/~8/75 6/30/76 5/15/76 Kone Unknown

Miller Freeman #815 11/10/75 11/26/75 9/30/76 6/30/76 None None

N o t e : 1 Data Management Plan and data Formats have been approved
and arc considered contractual.



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : March 31, 1976

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 1

PRINCIPAL INVESTIGATOR: Dr. Vera Alexander

Period April 1, 1975 - March 31, 1976* (12 mos)

Total Budget Expended

Salaries & Wages 123,857.00 67,132.13

Staff Benefits 20,912.00 10,933.15

Equipment 13,200.00 2,899.38

Travel 7,000.00 3,962.07

Other 16,900.00 7,328.13

Total Direct 181,869.00 92,254.86

Indirect 70,846.00 38,399.58

Task Order Total 252,715.00 130,654.54

* Preliminary cost data, not yet fully processed.

Remaining

56,724.87

9,978.85

10,300.62

3,037.93

9,571.87

89,614.14

32,446.42

122,060.56



Following is part 2 of the quarterly report R.U,# 156/164(E) for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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R~ E(!BEQWE ,
OCS COORDINATION OFFICE

University of Alaska J~~ 19 1975 ~

Quarterly Report for Quarter Ending Deceml$i!  ~, @7~ ~

Project Title: Phytoplankton Studies in the Bering
Sea

Contract Number: 03-5-022-56 K 11

Task Order Number: 1

Principal Investigator: Dr. Vera Alexander

1. Task Objectives

To study the dynamics of phytoplankton  populations at the
edge of the retreating ice pack in the Bering Sea in order
tO assess the significance of the ice edge in the productivity
of the Bering Sea. Secondly, to assess the levels of phyto-
plankton productivity in the southeast Bering Sea during
the ice-free season in order to compare seasonal activity, and
also to look at the role of the shelf-break and Aleutian up-
welling in Bering Sea production dynamics. The seasonal role
of algae growing in the underside of the ice is also included
in the study.

11. Field Activities

A cruise in the Bering Sea was undertake on the Miller Freeman
during November, 1975, in which the principal aims of the
phytoplankton component was to look at the status of phyto-
plankton activity in the ice edge vicinity during the period of
time when ice is being formed and is moving south. Additionally,
we wanted to look at the shelf-break and Aleutian area at this
time of year. The work carried out was similar to that of the
previous cruises. The current status of sample processing is as
follows:

1, Nutrient analyses for Cruise 808 (Discoverer, May,
1975) and 810 (Discoverer, August, 1975) are completed.

2. Nutrient analyses for the Beaufort Sea (Morita  and
Atlas) are completed and the results have been sent to
the two principal investigators.

3. Chlorophyll data for Cruises 808 and 810 and the
November Miller Freeman Cruise have been completed.
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4.

5.

6.

III. Results

l?hytoplankton counts and identifications for both
Discoverer cruises are completed, and data syn-
thesis is being started.

Alkalinity data are available for the Discoverer
cruises, and the Miller Freeman samples are
currently being run.

Phytoplankton primary productivity samples( 14C)
will be counted within the next two weeks.

Preliminary data from the November cruise shows that there is
very little phytoplankton activity during this time, with the
exception of certain areas under the influence of the Yukon
River or the Aleutian passes. There are very few phytoplankton
in the waters of the Bering Sea shelf. So far, our hypothesis
that the major production activity on the Bering Sea shelf is in
the form of a bloom following the receding ice in spring seems
to be well supported by the data. Nutrient availability is
apparently the major limitation to production, even during the
early winter months , although obviously this needs confirmation.
The nature and role of the bottom chlorophyll maximum in mid-
summer needs further study, although this appears at present to
be fiighly transient phenomenon and probably not important on a
seasonal basis. Regions of high productivity during the summer
appear highly restricted in number and very localized.



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 1 R.U. NUMBER: 159/164

PRINCIPAL INVESTIGATOR: Dr. Vera Alexander

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation

Discoverer Leg I #808

Discoverer Leg II #808

Discovered Leg I #810

Miller Freeman #815

Collection Dates Estimated Submission Dates (1)

From To Batch 1 2 3 4

5/15/75 5/30/75 3/31/76 3/31/76 3/31/76 Unkno~.n

6/2/75 6/19/75 3/31/76 3/31/76 None None

8/9/75 8/28/75 6/30/76 3/31/76 None UnknokZ

11/10/75 11/26/75 9/30/76 6/30/76 None None

Note: (1) Estimated submission dates are contingent upon final approval
of data management plan submitted in draft form Oct. 9, 1975,
and University of Alaska’s approved form Nov. 20, 1975, to NMA.
Also, final agreement by all parties on the data formats is
necessary. 209



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 1

PRINCIPAL INVESTIGATOR: Dr. Vera Alexander

Period April 1 - December 31, 1975* (9 mos)

Total Budget Expended

Salaries & Wages 123,857.00 47,586.71

Staff Benefits 20,912.00 7,610.47

Equipment 13,200.00 2,861.50

‘i’ravel 7,000.00 3,086.91

Other 16,900.00 4,446.46

Total Direct 181,869.00 65,592.05

Indirect 70,846.00 28,363.60

Task Order Total 252,715.00 93,955.65

Remaining

76,270.29

13,301.53

10,338.50

3,913.09

12,453.54

116,276.95

42,482.40

158,759.35

~ Preliminary cost data, not yet fully processed.
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Annual Report for the Period

July 1, 1975 to March 31, 1976

RU 174--Baseline Studies of Demersal Resources of the Northern Gulf of

Alaska Shelf and Slope: An Historical Preview.

I. Summary of objectives and conclusion

A. Objectives

1. Provide an historical perspective on the demersal fish and

shellfish resources residing in the continental shelf and slope

waters of the Gulf of Alaska betweeil the Semidi Islands

(157° U, long. ) and Yakutat Bay (140° k!. long.).

2. Provide growth and age composition information on selected

demersal fish species of importance to man as food resources.

B. Conclusions

Not applicable at present,

11. Introduction

A. General nature and scope of study

1. Historical data

Along with a review of the biological literature, existing data

bases will be examined to provide historical perspective to the

status of demersal populations in the baseline period.

2. Growth and age composition

Age indicator structures ccl~ectecl  during the BLM funded demersal

fish and shellfish survey in May - August, 1975 will be read for

age. From age and length data, estimates of growtn parameters

and age composition will be made on selected species.
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El. Specific objectives

1. Comparison of information in the distribution and abundance

of demersal  fishes and shellfishes from the baseline survey

of the North Pacific in 1975 with historical information from

the literature and existing data sources (e.g. the International

Halibut Commission trawl surveys in 1961-1963 and those OT the

NMFC in the early 1960’s).

2. Historical treatment of the foreign and domestic fisheries

and research in demersal resources in the baseline study area

(Continental Snelf and Slope waters trom the Semidi Islands to

Yakutat Bay). This treatment would include annual catch trends,

changing emphasis by the fisheries on specific resources, and

the condition of resources past and present.

3. Annotated bibliography on the demersal fish and shellfish

resources residing in the baseline study area.

4. The specific demersal fishes and shellfishes that are to be

included in the historical survey are listed below (Growth and

age composition estimates will be given for these species

marked with an asterisk):

*Pacific pollock (Theragra chalcogramma)

*Dover sole (Nicrostomus pacificus)

*Flathead sole ~Hippoglossoides elassodon)

Pacific halibut (Hippoglossus stenolepis)

*Pacific cod (Gadus macrocephalus)

Sablefish \Anoplopoma fimbria)

Pacific ocean perch (Sebastes alutus)

*Arrowtooth flounder [Atheresthes stomias)

*Rex sole (Glyptocephalus zachirus)

King crab (Paralithodes camtschatica)
~]p
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Dungeness crab (Cancer magister)

Snow crab (Chionoecetes  opilio, ~. balrdi)

c* Relevance to problems of petroleum development.

The study area, from the Semidi

important region for commercial

Management (BLM) is required by

impact statement (EIs) covering

Islands to Yakutat Bay, is an

fishing. The Bureau of Land

law to provide an environmental

petroleum exploration and

development. BLM has contracted with the U.S. department of

Commerce, National Oceanic and Atmospheric Administration (NOAA),

to provide necessary data for preparation of the EIS.

III. Current state of knowledge

A comprehensive survey of demersal resources in the Northern Gulf of

Alaska was completed by the International Pacific Halibut Commission

with cooperation from the (then) U.S. Bureau of Commercial Fisheries

during 1961-63. A number of less ambitious survey efforts preceded and

followed the Halibut Commission survey, but nothing approaching the

scope of this operation has taken place until the present plans were

formulated, During the years since 1Y63, however, large fisheries by

Japan and the Soviet Union have brought considerable fishing pressure

to bear on the demersal resources. Fishery scientists ot the United

States, Japan, and the Soviet Union have agreed informally that some

of the resources have been endangered by the combined fish~ng effort

during the past 15 years.

Japan has furnished systematic and detailed statistical information on

her catches, fishing efforts and size compositions, but the aata

by the USSR are much less refined and of questionable accuracy.

IV. Study area

The study area includes that part of the northern Gulf of Alaska

supplied

between

the Semidi Islands (157° W. long.) and Yakutat Bay (140° W. long.) Uepths

z 1.. J



included in the study area are from near shore (approximately 40 M) to

approximately 500 m.

The study area has been divided into 3 sub-areas (140°00 - 144°30’ W.,

144°30’ - 150030’ w., and 150°30’ - 157°U0’ W.) and 4 depth zones

(near shore to 100 m, 101-200 m, 201-400 m, and 401 m and greater).



V. Sources, methods, and rationale of data collection

A. Sources. Existing data sources to be examined include:

1. International Pacific Halibut Commission (IPHC) trawl survey

(1961-63).

2. Bureau of Commercial Fisheries (BCF) scallop survey.

3. National Marine Fisheries Service (NMFS)/BCF groundfish surveys.

4. Alaska Department of Fish and Game domestic catch statistics.

5. Foreign fisheries statistics, including catch and effort data,

from the Japanese fisheries (1964-73).

6. U. S. Foreign Fisheries Observer Program (1972-74).

7. IPHC halibut fishery catch-effort statistics.

B. Methods

1. Literature and documentary research of published and unpublished

materials.

7-. Laboratory analysis of age structures will follow standard techniques,

C. Rationale of data collection

No field activities are scheduled. The research will be concerned with

compilation and analysis of existing data sources.

IV. Results

A. The field data collected in 1975 on distribution of demersal fish and

shellfish resources has been analyzed so that it may be compared with

the results of earlier surveys.

B. All the age structures (about 5,000) collected from 7 species of

demersal fishes in 1975 have been read by the Age Determination Unit

of the Northwest Fisheries Center; the information has been entered on

ADP cards and the cards checked for errors.

2.15
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C. Trawl catch data from the IPliC survey of 1961-63 have been entered on

ADP cards so that they may be analyzed for comparison with results of

the 1975 NEGOA field survey.

VII. Discussion

Because of preoccupation with completion of the final report on the NEGOA

Project, an otter trawl survey of demersal  fish and shellfish resources of

the northeastern Gulf of Alaska in 1975, progress on RU174 has been limited

during this reporting period. The final report on the NEGOA survey has

now been completed and submitted so that full attention may now be given

to RU174.

VIII. Conclusions

Not applicable at the present time.

IX. Needs for further study

Not applicable at. the present time.

x. Summary of 4th quarter operations

A. Field or laboratory activities

1. Ship or field trip schedule--none.

2. Scientific party (all are Northwest Fisheries Center Personne”

Lael L. Ronholt (Principal Investigator)

Herbert H. Shippen

Ronald A. Payne

Eric S. Brown

3. Methods

)

a. Laboratory analysis of age structures will follow standard

techniques.
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b. Literature and documentary.research  of published and unpublished

materials.

4. Sample localities

a. The area of consideration is the continental shelf and slope

off Alaska from the Semidi Islands (1570W long.) to Yakutat

Bay (140°bJ  long.).

b. The growth and age composition information to be provided on

important food fishes is from specimens collected between Cape

Cleare (1480W long.) and Yakutat Bay (1400W Long.).

5. Data collected and analyzed

a. Age structures (approximately 5,000) readings by the Age

Determination Unit of the Northwest Fisheries Center were

completed. The data has been entered on ADP cards; reviewed

for error and is now ready for analysis.

h. The field data collected in 1975 on distribution of demersal

fish and shellfish resources has been analyzed so that it may

be compared with results from earlier surveys.
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I* X!!!E!x
The objectives of RU175 are to 1) conduct baseline studies of demersal fish

and shellfish of the eastern Bering Sea and to estimate values of those biological

parameters r!hich could change due to enviro!lmental stress caused by oil conta[!~i-

nation; 2) review and summ~rize t.h~ pert.incnt biological literat[lre on demcrsa?

fish and shellfish of the eastern !?ering  Sea; 3) analyze the historical fishel’:{

data fro!:} the eastci-n Bering Sea.

A three vessel synoptic survey of dwnersal resources was conducted in

August-October 1975 in the eastern Bering Sea. A total of 654 stations were

sampled. Catches or subsamples of catches occurring in standard one-lhalf hclut-

bottorn tows were identified, weighed, enumerated and, for selected species, other

biological data collected. Approximately 150,000 ADP cards were generated from

the fall 1975 survey. These data are presently being analyzed.

Additionally, comparative fishing was conducted among the thr;e survey

vessels to establish differences in relative fishing power among the vessels so

as to be able to adjust catches to an equivalent base.

Another three vessel baseline survey will be conducted in April-June 1976,

to provide comparative data to the fall 1975 survey.

Summarization of pertinent biological literature on selected species of

demersal fishes, crabs, and snails was undertaken. These summaries cover

distribution, abundance, life history, population attributes, and exploitation

patterns.

Analysis of historical data on demersal fishes and crabs is

These data include catch statistics from commercial fisheries in

U.S. and foreign research cruises, and other data sets.

also underway.

the Bering Sea,

No conclusions have been drawn here as to the potential effects of oil and

gps exploration in the study area on demersal resources. Data presented herein

are considered only tentative and subject to further analysis and interpretation.

220
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II. Introdl.lction—. -.. . ..—

General nFIIIIW and scope of st.udl————. —-.. .—-..

To undertake baseline studies of demersal resources of the eastern Bering

Sea shelf and slope ~rcms, a three vessel synoptic survey was coriducied  in

August, Septc:nber,  dttcl October 1975. A second thi~~e vessel synoptic survey will

be conduct.rd in April,, tidy, an~i June 1976.

The purposes of t.hesc baseline surveys are to (1) describe th~ composition,

distribution, and abund~i-ice  of (ie;:!crsal fish, shellfish, and principal epibenti]ic

invertebrate resourccq of the eastern Bering Sea by season {spring and sumner)

and within season by area and depth; (2) establish for selected demersal fish

and invertebrate populations, parmeters which could change because of environ-

mental stresses, e.g. stock size, size and age composition, growth rates, and

length-weight relationships; and (3) compare information from the b~seline period

with historical information available from the literature and exist~ng data

sources,

~ecific objectives——.

The research unit is divided into two tasks, with the following objectives:

Task A-13

Summarize existing literature arid unpublished data on the distribution,

abundance, and productivity of demersal fish, shellfish, and other epibenthic

organisms.

Task A-14

Determine the distribution and abundance of demersal fish, shellfish, and

other epibent.nic organisms in the eastern Bering Sea. Estimate the producti~vity,

length, weight, and age distribution of selected derncrsal  fish and shellfish.

Develop growth models and provide a data base against which subsequent changes

in these p~ramcters may be compared,

221
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Relevance to problems of ytroleurn develoymcnt— —  . .—— — .—.—. ..—.

Oil and gas clevelopmcnt in the eastern Eering Sea can be expected to

significantly increcise the input of petroleum hydrocarbons to that ocean area.

The toxicity and/or chemical interference of co]itinuous  low-level oil leakages

or unpredictable rnjor oil-spill accidcilts Imy adversely affect dem~rsal fish

a~id shellfish resourcps.

The direct toxicity of certain pctrolewn

mortality or sub-lethdl  stress, Although the

pro!n!)ly  affect adult deiwrsal fish dlld large

hydrocarbons may caure increased

cheniical toxicity of oil would

invertebrates only after exposure

to a major oil spill and sedimentation of petroleum to the bottom, the egg and

larval stages of these organisms are more sensitive to harmful effects. The

eastern Bering Sea is a spawning area for essentially all of the fish and shell-

fish species supporting major Bering Sea cormwrcial fisheries. Areas of egg

release, larval drift, and nursery grounds overlap several of the outer continental

shelf areas under considet-at’ion for petroleum development. large inpluts of

petroleum to these critical areas might affect’ year-class survival and change

population characteristicsof some species.

Indirect effects may also result from ecosystem shifts and changes in

sediment quality. lf petroleum development causes changes in the qualitative

or quantitative composition of eastern Bering Sea plankton or bent.hic infaunal

communities, then shifts in the distributions and abundances of demersal fish

and shellfish may also be expected to occur. On a more local scale, sedimen-

tation of oil residues to critical nursery areas may smother or poison infaurtal

food organisms, decreasing juvenile fish survival. These and other “tainted”

bottom areas may subsequently be avoided by adult fish and large invertebrates.

In order to be able to ui]derstand the magnitude of the impact of oil and

gas developinent on the dcmersal

current baseline information on

resource conununity it is essential to have

resource distribution and abutldance in time at~d

-3- 222



space, and the manner in which tlwse resources tx!h~ve w~tll regard to environnwt)tal

stress and other rna.jor ilctivities o-f man, e.g. commercial fishinge Such b~seline

informaticln is also required to perniit r?.tioml decision making with regard to

oil and g~.s c!evelopnwnt  in order to minimize or possibly prevent a deleterious

impact on the (i~lllE!l’Si21 rcsOurce colm:urlity.

111. cllr)”ell~  State of I(nowlcdqe——. ..—--—---—-.-..— J..-

Knov~l~dgc  of the drwt-sal fish and s[)e?lfish resourcps of tl~e eastern Dering

Sea is relatively limited. Soll]e scientific literature is ajfajlalj]p on SOGIQ

commercially important species, but genera]ly these studies have dealt. only witl]

a sirigle season and with only a portion of the species’ geographical distiiibutions.

Biological information has usually been finadequate to describe population

parameters from any single species.

Additionally, many studies of the derncrsal resources of the eastern

Bering Sea date back to the early and rnid-1960’s. Although these s~.udies provide
. . . . . .

an n! storl c~a ! pers!lecr.1 ve to some recent popul{-ltlo !-l par!n.m:=i-.ters, they {in nclt

provide a complete description of species distributions or population

attributes at any point in time nor do they provide information on the recent

condition of stocks,

The demersal fish and shellfish resources of the eastern Bering Sea have

been the target of an intensive fishery by foreign nationals since the mic!.1950’s.

Total catches of groundfish by foreign nations have exceeded one million metric

tons annually since 1968, and in 1971, 1972, and 1973, have exceeded two million

metric tons. From 63 to 862 of this catch hasheen Pacific pollock.

Thus, we are examining bottom communities which have already been disturbed

substantially by man--most of it within the last 10 years.

223
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IV. St.udj’ area

The survey area consists of approxin]ately 165,000 square miles (Fig, 1).

The area has been divided into five su!mreas, as follows:

Sub-area I - Containing about 24,000 square miles, including nea]’s}lot-e

waters (less than 20 fatho;us) along the north side of the Alaska Peiljr-isulz and

in 13rjstol Bay, v!i)ere o’il cxplo~atjoil  might havd the g;-catest,  cijvj)~oli;l;url~.;i~

impact.

Sub-area II - Contait]ing approxirmtely  21,030 square miles, is a site of

proposed oil exploration and also a region of large concelit]-ations of adult

king crab, T~i~n?r crab, and pollock, and spay;rling-n[~~~sei-~1 crea -For these and

other species.

Sub-area 111 - Covering nearly 40,000 squat-e niiles, this is another ai-ea

of possible oil exploration and location of major concentrations of pollock in

the summer.

Sub-areas IV and V - Containing approximately 60,000 and 20,000 sqtiar~ miles,

reSp&{.~iVe]y,  these Stib-iIi-ddS dr~ tlLiUf5i”y iiI-e~S “[Gi’  hdIIy Of tile udU’i ; ~OIJU~&~~G(lS

residing in Areas I, II, and III.

A stratified-systematic sampling design has been used for the baseline

trawl surveys, Station densities vary, depending on the geographical distribution

and concentration areas of t}le more important species, and the potential exposure

of areas to future environmental impact. Densities are lowest (one per 800

square miles) in subarea V, where the abundance of demersal species is lowest.

Station densities

is a nursery area

II and 111, where

are increased to one per 400 square miles in subarea IV which

for many of the commercially-important species. For subareas

major concentrations of adult fish and sh(

which contain potential sites of oil leases, station densit

increased to one per 250 square miles. The highest st~tion

mately one per 125 square miles, is used iu Subarea I,

llfish occur and

es are further

density, approxi-
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where there

gas exploration in

All subareas,

is a high potential for environmental impact frvm oil and

ncar<hor-e waters.

except V, were sampled in the fall 1975 survey, but only

Subareas I, II, and III (except northern part) and the

w’ill probably be surveyed in the spring of 1.976 due to

of the northern areas of the sampling grid.

southern part of Area IV

anticipatcxl  ice cover

The timing of the spring survey (April-June) is designed to provide info~.-

mation on the more restricted winter-spring distribution of species relat-ivc to

their brrxder su!i,,l,-‘“or distribution and to sample pollock in their spownirtg

season.

V. Sources, methods, and ratiglnale of data collection——

Gear

Modified eastern fish trawls were usecl for the survey. The trawls had 112’

footropes,  83’ headropes, and are constructed of 4“ mesh in the wit~js and

bcdy z~d ~-lj” ~,e~k in the iritermdiate  and codend<.  ~llpi”~  ~r~ 31 8“ diac~~tcr

plastic floats on the headrope and four 25-fatl~om  dandylines,  two connected

to each wing. The codends are lined with 1%” mesh web for the retention of snmll

fish and invertebrates. Doors were 6’ x 9’ on the charter vessels and 7’ x 10’

on the Miller Freeman,

Teinperature  profiles

Freeman, and salinity and

were made by XBT probes froin the Anna Marie and Hillcr— .  — —.——

temperature data at depth were measured by a C T D

instrument from the Freeman.——

Methods

The survey was designed to synoptically cover the major part of the ranges

of commercially important species of demersal  fish and shellfish in the eastern

Bering Sea. Depths ranged from less than 20 fathoms in near-shore waters to

-7-



pattern MIS used for th~ zurvcy. Station densities varied depending on the

knovol distribution of maitl concentrations of the more impottant fi~h and sllGl”l-

fish species, the prok!)le location of oil ledse sites, and areas ~.ith high

potential for etivit.oni wnt~l impact (Figtli-c 1). One-half hour t.cN.Is v:ere II13(!c at

each strition.

l’lPtliOdS of proces~ing  tile cdtches for fish and l:iscellaneous  it~vrrt.el>r[ltcs

differed frc)fii those used for cr~l~s. For fisil an(i invert.ebrates (J~l?f’r  than c)’:bs,

catcl]es of less thaln a.bowt 2,500 pounds k~ei”e entirely proccsseri--tl]at  is, sorted

by specie:,,  a.nd weights and numbers determined for eacil species. For larger

catches, a subs~inple of about 25 to 50% of the total catch was processed. Af’ter

the catch was sorted, random ~a]nl]les of selected fish were taken for biological

data collect-ion (lencjti] frequencies, Iength-p!eights, and age struct[~res by sex

group). Biological information was taken from the following species of fish:

Pollock (Thera~ra chalcoqrarma)-—. -. . .————.—

II :,. - ..t-‘l~l”iurifji-l  SU;L \L-llllallLiu  ti>i)?l’u)—— .—-

Rock sole (Lepido~setta bilineata)—— —.

Flathead sole (Hippoglossoid&s-  ellasoclon)

Pacific halibut (Hippoglossus  stcnole~)

Pacific cod (Gacius rnacrocephalus)——-—

Sablefish (Anod)lopoma  fimbria)—- - ——..—

Pacific ocean perch (Scbastes_alutus)

Arrowt-ooth flounder (Ati-reresthes  stomias)— . —  -

Alaska plaice (~leuronectes quadrituherculatus).— .—

Greenland turbot (Reinhardtius  ~oqlossoides)—. —.—

Commercial species of crab were removed from almost CIll catches, including

those of more that 2,500 pounds. These we~’e sorted hy species and sex,and

227
-8-



weights and numbers recorded. All crabs were measured except in the case of

large catches when a subsample was taken to provide measurements on a minimum

of approximately 300 crabs. In addition to carapace measurements, shell con-

dition, clutch size and egg color were recorded

Species examined were:

Red king cr~b (Paralithndes camtsc!l~it.ica)..— — . . . . . . ~.—

Blue king crab (F_. p_lLtypus). . . ——

Golden kil}g crab (Lithodps aquispinis}_ .-.-— -——

for many of the specimens.

Tanner crab (Chionoec@tes bairdi and ~. opilio)—.- .-———

Korean hair crab (Eriwcrus isenbeckii). -—- - . -—

Also receiving quantitative study were several genera of snails including

Neptunea, Buccinum, Volutopsius, Fusitrit~n, Berinqius, ai~c! Plicifusus. Qualitative—-—

information describing the distributions and abundances of other invertebrates

such as sea anemones, other crabs, nudibranchs, clams, starfish, sand dollars, sca

urchins, starfish, sea cucumbers, sponges, and sea pens was also collected by

~~~ ~~y~: v;~~~-?:. fiJA<*:fi...l ~c~a:qec:,,uu,t,,u,iu t ~rif~i-ii-!~~~cJ[-\  Oii ~;Ic~& C~J;~~l-l~~-I;C  ~lIVCI’~13-

brates was collected on the Miller Freeman by personnel fronl the Institute of-——

Marine Sciences, University of Alaska.

Six days of intercalibration  tests were carried out by the three survey

vessels during which 28 comparative tows were completed. Half of the tows were

made at 40-70 fathoms and the other half at 75-100 fathoms to detect any differences

in relative fishing power between vessels with depth. Alternate tows of one-half

and one hour were used to determine if catches from the shorter tows provided the

same information as those of longer duration.

successfully completed and have provided data

each vessel into a single unbiased data base.

All aspects of these tests were

adequate to adjust catches from

228
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able 1 sunwmrizcs  the fishing effort dnc! ciata collection of each vessel.

During the 148 vessel-days in the survey area, 654 tow were made for dn avel’age

of 4.4 tows per day (icspite  severol days of unfi~hdble west.h~r. Of this total,

642 tows v:crc succes~fully  coh~pleted without clal:i.lge  to t.l]e net. The nu:nber of

stdtions in th? survey area was 538. Some 10i/ priority s~~tions in the ncr~j]~rn

part of the survey area wsre not sa:npied (Figure 1). The number of tows

exceeded the nuniber of stations bec~use replicate hauls were made at or near

some stations during the comparative fishing experiments and some stations

were repeated in subarea I at the request of the OCSEAP Office so that require-

ments of the Institute of Marine Sciences studies on invertebrates could be met.

Additional non-standard stations wer~ fished near St, Plathew and St. Paul Islands

to examine the availability of blue king crab and Korean hair crabs in these

areas.

scale and length-weight samples were taken for selected species from five regions

of the survey area. The location of these regions was based on prior evidence of

the possible existence of independent spatming populations or growth differences

for some species in certain of these areas. Growth data v;ere collected for pollock,

yellowfin sole, flathead sole, rock sole, Alaska plaice and Pacific cod in those

regions vd)ere the species appeared in adequate numbers, About 7,400 otoliths

and 5,900 length-weight measurements were taken.

Carapace measurements were taken from about 81,000 crabs. Most of these

were from Tanner crab (74,466). ancl the remainder from red king crab “(6,390)

and blue king crab (414). Additionally about 12,000 snails were collected

during the survey.
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Table 1. Summary of fishing activity and data collec-;ion  by each vessel during the eastern Bering Sea deinersal
survey, August-September 1975.

Vessel

49

50

49

148

224

219

213.

654

66,868

76,318

37,648

180,834

32159 1,542

2,139

2,129

1,754

2,602

7,427 5,893



Preliwinau findin~s-———— . . . .

Ttle !nost frec{ucntly  occurring and abundant species in the survey area were

generally those of most importance in the commercial fisheries of the eastern

Bering Sea. Among tt]e fish species these v:ere, in order of their al)und[incc:

pollocb., yellowfin sole, rock sole, Crecnldnd turbot, f“lathedd sole, and cod

(Figure 7). Principal crab species were king crab and Tanner crab (Figure 2).

Preliminary catch dzta for some coomrcial species are smmrized in Table

2. Pollock doininated  the catches in subareas 11 and 111, outer shelf and slope

areas with depths ranging approximately 50-240 fathoms. They occurred in almost

all hauls and far exceeded catches of other species in average weight per haul

(about 470 pounds per towin subarea III and 1,20!I pounds/tow in subarea II).

Catches ranged up to 9,300 lbs per half-hour tow, with the largest catches

occurring southeast of the Pribiloff  ~slands and west and south of St. Hathew

Island (Figure 3).

Other species occurring frequently in catches on the outer shelf, a’

at muctl “lower abundance ttmn poliock, were Greenland turbot, flatilead so

though

e,

Pacific cod and, in subarea 11, Arrowtooth flounder. The deeper-water species,

Pacific ocean perch and blackcod, were taken infrequently and in relatively low

abundance.

In subareas I and IV, covering the upper shelf (depths usually less than 50

fathoms), yellowfin so”le was the predominate species, appearing in nearly all

hauls and being the most abundant species by weight. Catches of yellowfin sole

ranged up to 4,500 pounds per half-hour tow (Figure 4), largest catches occurring

in pockets north of Unirnak Island.
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SOUTHWESTERN SUB-.4REA (11)
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Total h~U~.S 93
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Po].lock
Flathead SOIC
Arrowtooth flounder
l’acific cod
Greenland turbot
Rock sole
Yc?l.lc>wfin sole
Alaska plaice
Pacific ocean perch
Blaci:cocl

97
95
9?
87
76
53
~~
27
11
G
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‘1’anner  crab 96 97
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Yellowfin sole ?~ ..--.., ~.—L>>
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Pacific ocean perch O
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50
7

24
3.1
5
1
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October 1975.
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August-October 1975.



Altimug!l  mucl] less abundant than ycllcwfin SOIC, other species frequent.ly

taken ‘in I1o.uIs on the LIpper shelf were Alaska plaice, pollock, Gremland turimt,

ancl rock sole. The occurrences of Pacific cod and flathead sole were also

relatively high in subarea I.

SomP species were mainly restricted to the shallower walers of the upper

shelf V:llereas  ottlers occur~.cd frequently over all deptl]s fished. YellOiVfiil SOIE?

and Alaska pldice ~ie]-~ primnrily found in k~atcrs less than 50 fathoms, wh~reas

pollock, Greenland tilrbot, f?athead sole, Pacific cod, and }’ock sole generally

ranged over most of tile survey area. This is illustrated in Table 3 by the

frequency of occurrence of these species in hauls by subarea.

Table 3.--,Dercent frequency of occurrence of principal species taken in tra~~ls

from deep and shallow shelf areas.

D~f Shelf Areas
d

S ~ low Shelf Ar,as
- (III) u (1 V!—-

Pollo(:k 97 97 83 84

Crnanland tu}*hni-“s ..=,!,..,,s  . ““” 92 76 74 ~~

Flathead sole 92 95 25 58

Pacific cod 63 87 32 65

Rock sole 53 53 71 94

Yellowfin sole 20 41 95 100

Alaska plaice 7 27 87 59
.—

Tanner crab appeared consistently in catches in all subareas, more so on the

lower shelf than the upper shelf (Table 2). Their average weight in catches was

also relatively high cofiparcd to most species of groundfish, Of

of Tanner crab, Chionoecetes  opilio vias by far the most abundant——

subareas. bairdi, which is larger than ~The second species, ~.

the two species

in the northern

opilio, became

more abundant in t}le two southern subareas and predominated in subarea II.
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(F’dra lithocks (m!tschdt”ica)o Those in sub~ip~~  111 and IL’ wise mainly blue kirjg———.— —..- __.——. . . . .

crab (~. pla”(.ypus). The blue king crab were tfiken—+ . —. in t!{o localized areas, one

near the Pribilof Islands, and the other southwest of Si:. Ma.theii Island.

200

two

Catches of legal

per one-half hour

localized pockets

size king cro.b (males >134 mm carapace width) ranged up to

tow (Figure 6), but the largest catches occurred in only

in subarea 1.

frlmni?ratj\/Q  fj~~!-iflq
“ . -  . . . , - - - -  - .
_-— - - -

Twenty-eight comparative tows were completed during the fall survey. The

three vessels lined up about one-quarter mile apart and towed simultaneously for

a specified tin]e, Analysis of the resulting data for catches of ciem~rsa] fish

indicates that significant differences in fishing power existed betvieen vessels

(Tab?e 4). In the case of pollock, it was necessary to calculate separate

fishing power coefficients for small (~20 cm) and large pollock.

Table4 .--Fishing power coefficients calculated for the three vessels participating

in the eastern lkring Sea groundfish  survey, August-October 1975.

Species-———
‘SlliE!ll Large Flg~~gaci Ye~~~;fin

Vessel
Rock

Pollock Pollock Sole
-— —

Miller Frecnmn 1.00 1.00 1.00 1.00 1.00—-— .—

Anna Harie 0.52 0.79 1.17 0.81 0.65——- ——.

Pat San Haric 0.34 0.61 1.07 1,00 0.76-—. —-.. .— —— .
— - .  — . -.

23”7
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Sili~ilar  armlysis is Unde)>wdy on king and Taniler crab comparative data.

~}arison of slnvev results ~nd obioctivcs-. —-- ----- :~— —.-. .-. ——— ..———.__——

Flajor objectives of the survey were successfully accomplished. All essential

st~tions in the s[lrvey arm wre sampled and catches from e~ch station proc~?ssed

for species weights Gn(f, i]) most cdscs, for species nli:’lbers  tO allow descriptions

of the distribui-.~ci~  and at]urldance of ({e::;c).~al  fish, shellfis!-t, and other epi-

benti)ic invertebr~tcs  by area and depth. The size dnd age data will

enable desci-iptions  for major species of size and age composition, growth rates

and length-weight relationst-!ips  by regions of the eastern Bering Sea. These data

will also provide standing stock estimates by size and age groups. Temper~ture

and CTD pi-ofile

mental features

Not accomp”

will provide information on the association

with species distribution,
L

ished during the survey was coverage of stat”

of these environ-

ons in subarea V

and so:fie stations in the northern portion of subarea IV. These wer;s 10LY priority

c+3+<l-lF.? ?-A fj3$:r,,7  {: ..1:------ J-.>, . ... L..,,...,  ,,,  ,., UL1. ;C.’JK!I  L a. reds .~i”!dicat~~ ,, . .?.!”:ill.  CtiLch:’<  hi T!-!OSP st~~-l!~!-,c. .

would have been minor.

VII. Discussion—.

Only preliminary data are included here and discussion of the specifics of

the survey must ati.mit detailed analyses of the data. The preliminary results,

however, yield insight into the distribution of the major fish and shellfish

components of the epibenthic  community and their abundance by subarea.

VIII. Conclusio]ls

No conclusions will be made until analysis of the data is complete.

Ix. Needs for further study—.

Potential needs for further study will depend on the outcome of analysis of

survey data.
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Sunllnarization of literature on crabs wascontinued wi~h atn

percent of docunieniecl  literature pertaining to king and Tarlner

for.

Although literature on the west aburrda.nt genera of snails in the ra.stern

Bering Sea, Buccinum and I@tuna is not extensive, a bibliography, includimj— . —.

papers on taxonomy, life history, biogeograpl~y and population dyn~niics is being

compiled.

Alldljsi> WF tiisLOt ical dai,d UII d~illti~d.1  fi>i,ei;e~  CJU LfI~ ~fi~t~~il  llci”~:’1~ L=;

was continued. ADP programs were vwitten to transfer the historical data format

to one con]patible with NHFC data formats , iind preparations Ilave been made for

distributional plots for selected species.

Task A-1;

Analysis of groundfish data collected during the frill 1975 survey is continuing.

Approxinlat.ely  56,500 ADP cards have been punched, verified, and edited for eimrors.

These cards have been loacled into a disk file, using computer programs developed

by our staff. A program t!]at updates the data on the disk file has been written,

allowing the user to correct or amend any record on the disc file.

Corresponding programs have been written for length-frequency data and

should be operational soon. Prograrrls have been niodif’ied  to ca?culirtc distance

fished frOIII LOiUN reading~.

-22-



AnalJ’sis of co:~ipariitive  fishing data to determine relative fishing power of

the three VCCSCIS was completed for del}lers~l fishes and is underway for crab

(ia~a.

All crab ckta collected cloring the fall cruise has been punched and verified,

and is now rccordsd on apprOXi!imtely 82,0!1[)  /l~P cards. These c~rds arc beil]r;

transferred to m;lgn~tic tape.

Samples of approxiwtely 12,000 snails collected from the eastern Bering

Sea in 1975 have besti examined  ~i]d all data entered on A!lP cards. The twelve

species of snails th~t were west abundant in the area surveypd are being cies-

cribed in terms of distribution, abunclance, sex, and size composition.

Field activities

The NOAA FRV I’liller Freeman departed Seattle on Narch 15, 1976, enrouteto -the—. ——

Bering Sea to undertake the spring survey. Boarding the vessel in Kodiak on

March 22 will be Richard Bakkala, Field Party Chief, Doyne Kessler, Terry Sarple,

Jei-r.~ BGi’tiC~. and JGCJ Y(+rjIjl i i::] (vi<i-iing  i~{jrp~~n  sri:~ni-ist)~  a~l of the N~~+ti-::=~t

Fisheries Center,

Sampling methods will follow those used in 1975.

The charter vessels Anna Harie and Pat San Marie will depart for the Bering— — . —— . —  —

Sea in early April to participate in the survey.

As the Miller Freeman will not be available for ckmersal  trawling on leg III,

the NOAA FRV Qregon will sample some survey stations in June during its annu;l

crab/groundfish  survey of the southeastern Bering Sea. The @on and Pat San—— —  .—

Marie will conduct a coinparative  fishing experiment to permit the Oregon data.—

base to be integrated into that generated by the other three survey vessels.
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This is an interim report which presents preliminary information and
results for the use of the OCSEAP. No material contained may be quoted
in external reports without written permission of the author.



I. Introduction

Petroleum exploration and development is rapidly increasing
throughout the nearshore areas of the Beaufort Sea. Already, the
demands by industry for construction material, gravel sources, fresh
water, and transportation avenues are substantial. Alterations of
the physical environment resulting from water and gravel removal or
the construction of roads and causeways are imminent. Knowledge of
fish in the Beaufort Sea is minimal.

The objectives of this study are to determine the distribution
and relative abundance of the various species of fish occupying the
nearshore environs of the Beaufort Sea. Correlating important life
history data with knowledge of habitat needs, we hope to obtain base-
line information that can be used to direct the activities of people
and industry in the proposed lease area.

Specifically, the objectives of the study are:

A. To determine the seasonal distribution, relative abundance,
size and species composition, growth rates, feeding habits
and reproductive capabilities of Beaufort Sea nearshore fishes
in the area from the Colville  to the Canning rivers and
between shore and the barrier islands, including river deltas.

B. To determine migration patterns and timing of these fishes.

c. To identify critical habitats including spawning, overwintering,
feeding, rearing and migration areas.

D. To determine the interrelationship of Arctic fishes to lower
food-web organisms.

E. To determine the present rate of exploitation of the anadromous
fishes of the area and to monitor changes in this usage as
development of the areas petroleum resource progresses.

11. Current state of knowledge

Prior to the accelerated interest and development in the Arctic
by major oil companies, there have been few investigations of the
fishes in the Beaufort Sea. The Alaska Department of Fish and Game
(Roguski and Komarek, 1970) initiated a study to assess the environ-
mental characteristics and fish species in coastal waters of the
Arctic National Wildlife Range. The following year, a four year
investigation of the waters draining into Prudhoe  Bay was initiated
(Yoshihara 1972, 1973 and Furniss  1974, 1975). These past investi-
gations emphasized the life histories and distributions of anadromous
species with special emphasis on Arctic char. Other fisheries
studies on North Slope drainages were conducted by McCart, Craig and
Bain (1972) and Johnson (1973). With the advent of designing and
proposing utility corridors to transport natural gas south of the
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Arctic, several more investigations were initiated, matiy of which
stressed the life history and biology of fish in their freshwater
habitats of North Slope drainages. More recently, fisheries investi-
gations have been centered along the northern coastlines of Alaska
and Canada. Furniss (1975) investigated the age, growth, fecundity,
species composition and distribution of fishes in Prudhoe Bay.
Griffiths and Craig et al. (1975) conducted a site specific study
of the fishes in Nunaluk Lagoon, along the Arctic coast of the Yukon
Territory. Griffiths et al,, (1976) conducted a similar study at
Barter Island, and other investigators have conducted studies aimed
at evaluating the importance of the Mackenzie (Percy, Eddy and Munro,
1974) and Colville (Kogl and Schell. 1975) river deltas to Arctic
Ocean fish. Studies of overwintering fish in the Arctic have been
directed towards the larger bodies of fresh water, including river
deltas [Mann, 1975; Kogl and Schell, 1975) and spring areas or
unfrozen pockets of river water under thick ice (Furniss,  1976; Craig
and McCart,  1974). These studies have led to a much greater under-
standing of the habitat requirements and life histories of Arctic
fishes; however, much remains to be understood of these fishes during
their occupation of the shallow nearshore environments along the
Beaufort Sea coast.

III. Study area

The OCS Beaufort Sea studies encompass an area between the
eastern margin of Harrison Bay and Flaxman Island, a linear distance
of approximately 102 miles (163 km) (Fig. 1). Centrally located
along this stretch of coastline is Prudhoe Bay, the development and
staging area for North Slope oil fields and the beginning of the Trans
Alaska oil pipeline. A barrier island system consisting of raised
pebble reefs extends intermittently along the entire length of the
study area. These islands, lying from 1/2 to 12 miles (1-16 km)
offshore, tend to prevent large quantities of fresh water and nutrients
entering the Beaufort Sea from readily mixing with the cooler, more
saline waters of the Arctic Ocean. They also shelter the mainland
coastline from pack ice during the summer months, thus providing a
low salinity, relatively ice free lagoon system inhabited by several
species of anadromous, freshwater or marine fish throughout much of the
year. Physical features of the mainland coastline include river
deltas, spits, shallow bays, and narrow pebble or fine sediment
beaches. Direct wave action and thermal erosion of permanently frozen
shore banks produce local beaches composed of humus and decayed
vegetation. Sharp variations in water temperatures and salinities
were noted, both between short distances and with time, during the
open water season (Table 1). Physiographic  and environmental
characteristics of the Beaufort Sea and coast are described by
Namtvedt,  et al. (1974) and State of Alaska, Division of Policy
Development and Planning (1975).
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IV. Sources, methods and rationale of data collection

A. Methods of capture and observations

Multifilament graduated mesh sinking gill nets measuring
125’ x 6’ and consisting of five 25’ panels of 1/2” through
2 1/2” square mesh were used most extensively for capturing and
sampling fish. Multifilament gill nets measuring 25’ x 3’ and
consisting of single mesh sized from l/2~’ to 1 1/2” were used
for capturing fish during under-ice surveys.

Beach seines measuring 100’ x 4’ were used to sample fish
in confined locations within small bays and lagoons, and along
exposed beaches where water was sufficiently shallow to allow
the seaward end of the seine to be maneuvered on foot.

Fyke traps were operated at two locations within Prudhoe
Bay, Traps were 20’ in length overall and were supported by
five “D” shaped, 3/4” aluminum tube frames. Two treats
measuring 10” in diameter were located at the first and third
frames. Netting was 1/2” square mesh knotless nylon. The fyke
traps were anchored in approximately 4’ of water and were
attached to shore by a 1S0’ center lead. Two 25’ x 4’ wings
funneled fish into the first frame.

A try trawl measuring 12’ in width and constructed on 3/4”
square measure knotted nylon mesh was used to sample fish off-
shore.

Hook and line sampling was employed to capture fish in
river deltas and under the ice.

An underwater closed circuit television system was
experimented with under the ice in the Sagavanirktok River
Delta to determine its usefulness for detecting and observing
overwintering fish occupying isolated pockets of unfrozen water.
The system is sold by Hydro Products, Box 2528, San Diego,
California. The operation employed the use of the following
five components:

1. Underwater television camera with 12.5 mm optics.

2. High resolution 9“ monitor

3. Gas discharge lamp ballast.

4. 2S0 watt Thallium iodide lamp.

5. Portable 115V power source.

Rotary wing aircraft were used for transporting field
personnel and gear and for monitoring movements of fish along
the coastline and into river deltas.
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Arctic char over 200 mm in fork length, which were not
sampled, were tagged with numbered spaghetti tags. Ciscos
over 200 mm were tagged with Floy FD-67 internal anchor tags
and those under 200 mm were “fin clipped” to indicate location
of capture.

A YSI meter was used to determine water temperature,
salinity and conductivity.

B. Processing of fish

Fish samples were preserved in 10% formalin or frozen and
sent to Fairbanks via commercial airlines for further laboratory
analysis. All samples were grouped by date and location. Fish
were weighed to the nearest gram on a triple-beam balance. Fork
lengths were measured to the nearest milimeter. Sex and stage
of maturity were determined by examining gonads.

Fecundity counts were determined by displacing a volume of
water with a known quantity of eggs. The total number of eggs
was then calculated using the quantity of water displaced by the
entire ova mass.

Arctic char, Arctic cod and fourhorn sculpins  were aged by
reading otoliths wetted in zylene. Scales were used to age all
other species. Scales used for age determination were cleaned
and impressed on 20 mil acetate. A Bausch and Lomb microprojector
was used to read the scales.

Selected fish stomachs were slit and preserved in 10%
formalin. The gut contents were later examined, sorted and
identified.

c. Data management—

All data collected thus far have been recorded on one of
three different data collection forms of our own design. A
preliminary data management plan for this project has been
prepared and submitted. At the time of this writing, the
OCSEAP data management format is in the final stages of completion
and upon receipt our initial data batches will be submitted for
computer punching and storage on magnetic tape.

v. Results

A. Species composition and relative abundance

Thirty sampling sites were established between Point
Sorensen (long 148° 49’ lat 70° 24’) and Biownlow point
(long 145° 53’ 70° 10’) in the eastern one-half of the study



area (Fig. 2). An attempt was made to sample all of the
dominant habitat types within this area. These include outer
islands, nearshore islands, spits, points, bays> lagoons, and
river deltas. Salinity, temperature, conductivity, and depth
of water were recorded at each station.

A total of 1,264 fish representing six families and thirteen
species has been captured. Following is a list of the species
captured from Point Sorensen east to 13rownlow Point:

Scientific name:

Salmonidae
Salvelinus alpinus
Coregonus sardinella
Q. autumnalis
C. nasus
~. zhian
~hymallus arcticus

Osmeridae
Osmeris mordax
Mallotus villosus

Gadidae
Boreogadus saida
Eleginus gr=~s

Cottidae
Myoxocephalus quadricornis

Pleuronectidae
Liopsetta  glacialis

Liparidae
Q.?2Q5 3?.’

Species
Common name: Abbreviation:

Arctic char AC
least cisco LC T
Arctic cisco AC I
broad whitefish BWF
humpback whitefish HWF
Arctic grayling GR

boreal smelt BSM
capel in CAP

Arctic cod ACD
saffron cod SCD

fourhorn sculpin FSC

Arctic flounder AFL

snail fish

Gill nets were the most extensively used
however, it became obvious late in the season
gill nets was not conducive to the capture of
and the early life stages of salmonids. Fyke

LIP

method of capture;
that the use of
gadioids, liparids,
traps were sub-

sequently stationed at several locations in Prudhoe Bay and
proved more effective at catching the above mentioned species.
Table 1 compares total catches of all species by the major types
of gear used during the open water season.

Beach seines, effectively captured fish on shallow waters;
however, adverse weather conditions and tiave activity frequently
prohibited their use. A shrimp try trawl was used in Prudhoe
Bay. Transects were run for twenty minutes with the lead line
of the trawl riding on the bottom. Larval and early life stages
Arctic cod, capelin and liparids  dominated the offshore trawl
catches.

of
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The most widespread group of fishes captured along the
coast were the salmonids. Arctic char were captured at 74% of
the gill net stations. Arctic cisco and least cisco were
captured at 65% and 37% of the stations respectively. Least
cisco, however, were captured in the greatest abundance followed
by Arctic cisco and Arctic char. Marine species represented 4S%
of the total catch.

Catch data showed a more widespread distribution for adult
Arctic char and Arctic cisco than for other anadromous species.
Arctic char and Arctic cisco were captured at all of the barrier
island stations except sta 018-75, as well as along mainland
sites. Least cisco showed a greater affinity for nearshore
areas throughout the study area. Adult broad whitefish and
humpback whitefish were only captured in and near the Kuparuk
and Sagavanirktok  River deltas. Immature broad whitefish, however,
feed and migrate along the coastline inhabitating shallow bays
and lagoons as far east as Foggy Bay; 100 miles (160 km) east of
the Colville River, the only known spawning habitat for broad
\ihitefish  within the st&ly area.

1. Arctic char a

Arctic char, found along the entire northern coast of
Alaska are the object of a traditional subsistence and
expanding sport fishery. Several recent investigations
have been conducted on the life history of Arctic char in
major North Slope drainages (Yoshihara,  1972, 1973; Furniss,
1974, 1975; McCart and Crafg, 1973 and Griffiths and Craig
et al. 1975).

Anadromous Arctic char enter the Beaufort Sea at spring
break-up and remain in the coastal waters until mid-July to
September; at which time they again return to fresh water to
spawn. The major Arctic char spawning drainage within the
study area is the Sagavanirktok River.

Once in marine waters, char migrate and feed along the
coastline and barrier island system. Tag recoveries made
along the Beaufort Sea coast (Furniss, 1975) indicate that
char from the Sagavanirktok River utilize the nearshore areas
between Point Barrow and Barter Island.

One hundred and thirty-t~io Arctic char were captured
throughout the study area, 86% of which were processed for
meristic and life history data. Char ranged in size from
170 mm to 685 mm with a length mode occurring between S20 mm
to 529 mm. The mean fork length of char in the study area
was 427 mm (n=l16).
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Char varied from 3 to 12 years in age, with the majority
between 7 and 9. Age-length frequency data agreed closely
with that found by Yoshihara (1972) for Sagavanirktok River
char. The sex ratio of Arctic char captured within the study
area was skewed in favor of females. The female to male
ratio of 116 Arctic char was 2:1. Similar disproportions in
sex ratios of char were observed by Furniss (1975), Glova and
McCart [1974), and others.

A total of 30 char stomachs was collected from fish
taken at various locations within the study area. Of the
guts collected, 36% were empty. The food items were identi-
fied and grouped by frequency of occurrence. No attempt was
made to determine the “fullness” of the gut. Following is a
list of the food items in decending order of frequency,
omitting those stomachs that were empty:

Amphipods 95%
Cod (B_. saida) 42%
Mysids 32%
Isopods 11%

The final analysis of food habits for all species has
not been made at this time.

2. A r c t i c  cisco.

Arctic cisco is one of the most common and widely
distributed fish found between the Colville and Mackenzie
rivers. They are utilized by local residents in the coastal
subsistence fishery and in a small commercial fishery at
the Colville  River delta. Arctic cisco life history data
are discussed by Craig and McCart (1975) and Hatfield,
Stein et al. (1972].

Two hundred and twenty-two Arctic cisco were captured
during the summer of 1975. Fork lengths ranged from 115 mm
to 390 mm, with a mode occurring between 320 and 329 mm.
The mean fork length for the total sample was 315 mm (n=158).
Ages varied from 1 through 8 years. Seventy-two percent of
the sample consisted of immature fish of age class VI. only
3% of the sample was made up by age classes I, II and VIII.
The female to male sex ratio of Arctic cisco was 0.9:1 (n=140).

F i f teen  Arc t i c  cisco s t o m a c h s  w e r e  c o l l e c t e d  w i t h i n
t h e  s t u d y  a r e a . All of stomachs examined contained food.
Following is a list of the gut contents in descending order
of frequency:

Mysids 60%
Amphipods 53%
vegetation/detritus 40%



3 . L e a s t  cisco.

Least cisco were the most frequently captured
coregonid within the study area. The absence of least
cisco in catches along the outer barrier islands suggests
that this species has a strong affinity for the brackish
waters of the mainland coastline. Life history aspects of
least cisco are described by Mann, 1974; Kendel et al.,
1974; Percy et al., 1974 and others.

A total of 302 least cisco was captured during 1975.
Fork lengths ranged from 10.5 mm to 360 mm with a mean of
263 mm (n=201). A length mode was observed between 310 mm
and 319 mm. Ages varied from 1 through 11 years. Mature
fish of age class VII or greater represented S5% of the
sample. The ratio of females to male was 2.9:1 (n=192).
Mature females collected in mid-August had egg diameters
ranging from 1.0 mm to 1.3 mm and fecundities from 17,500
to 25,500.

Twelve least cisco stomachs have been examined from
fish taken during 1975. Of the twelve, one was empty.
Following is a list of the gut contents in descending
order of frequency, omitting the empty stomach:

Mysids 91%
Amphipods 45%
Dipterans (adult) 27%
Isopods 9%
vegetation/detritus 9%

4. Broad whitefish.

Broad whitefish were distributed along the mainland
coast between the Kuparuk River delta and the eastern
boundary of Foggy Bay. Adult broad whitefish \iere only
captured in the deltas of the Kuparuk and Sagavanirktok
rivers; however, juveniles appear to forage along the
coastline in areas further removed from the influence of
these larger rivers.

Thirty-three broad whitefish were captured during
1975. Fork lengths ranged from 100 mm to 555 mm with a
mean of 300 mm. Ages varied from 1 through 13 years. Age
classes V through VIII were absent in the sample. Forty-five
percent of the fish captured were in age class 111 (175 to
230 mm). The ratio of females to male was .86:1.

Four of the seven broad whitefish stomachs that were
examined were empty. All of the remaining stomachs con-
tained chironomid larva, and one also contained amphipods.
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5. Humpback Whitefish.

Only three humpback whitefish
1975. The humpback whitefish were
Sagavanirktok  River delta and were

were captured during
captured west of the
female potential spawners.

The mean fork length was 433 mm and ages were 10, 12 and
13 years.

6. Fourhorn Sculpins.

The fourhorn sculpin is a common species throughout
the study area. It occupies nearly all available habitats
and was captured off several of the outer barrier islands,
as well as in the low salinity waters of the major river
deltas. Some life history aspects of fourhorn sculpin in
the Beaufort Sea are discussed by Griffiths et al., (197S).

One hundred and twelve fourhorn sculpins captured in
the study area ranged in size from 50 to 228 mm with a mean
of 125 mm. A bimodal length distribution was ohserved with
peaks occurring between 100 and 109 mm and 160 mm to 169 mm.

Ages of fourhorn sculpin varied from 1 through 7 years
with the majority of fish captured in age classes II and 111.

Sculpins within the study area feed primarily on im-
mature isopods and amphipods. Two of eight guts examined
contained the remains of juvenile Arctic cod {~. saida).

7. Arctic Cod.

Arctic cod, commonly referred to as “torn cod” by
residents of the North Slope, are sought for both human
consumption and for animal food by coastal residents. They
also constitute a major food source for marine birds,
mammals and Arctic fish. Cod were seasonally abundant in
the study area; however, this variability in abundance may
reflect the use of inappropriate capture gear throughout
much of the open water-season.
of Arctic cod are discussed by

Four hundred and eighteen
from 20 mm through 193 mm were
averaged 120 mm in fork length

Various life history aspects
Quast [1970).

Arctic cod ranging in size
captured during 1975. Cod
and ranged from young-of-the-

year through 3 years of age. The female to male ratio of
119 cod was 1.7:1.

The examination of twelve stomachs indicated that cod
feed primarily on mysids.
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.8. Smelt.

Two species of smelt were captured in the study area
during 1975. Capelin were gill netted along exposed gravel
beaches from Stump Island to Foggy Bay. Catches of smelt
were low and sporadic. The presence of young-of-the-year
capelin  in trawl catches in Prudhoe Bay suggests they may
spawn in the near vicinity.

A single Boreal smelt was captured in a fyke trap
along the western border of Prudhoe  Bay.

9. Liparids.

An as yet unidentified species of the genus Liparus
was captured throughout Prudhoe Bay. Adults as well as
young-of-the-year and early life stages were captured by
bottom trawling in 8-10’ of water.

10. Arctic flounder.

Only two Arctic flounder were captured during 1975.
Both specimens were captured on western boundary of Prudhoe
Bay by gill net.

~?~ . Conclusions

The

A.

B.

c.

D.

E.

F.

following conclusions are based on information available to date:

Information dealing with the
the Beaufort Sea is minimal.

Species diversity within the

life histories of fish inhabiting

study area is low.

The anadromous species within the stucty area migrate and
concentrate along the shallow, nearshore water of the mainland
coast.

The most frequently caught and wide ranging anadromous  species
within the study area are least cisco, Arctic cisco and Arctic
char.

Adult broad and humpback whitefish seldom range beyond the
influence of the largest stre~ms draining into the study area.

The presence of larval Arctic cod, capelin and fourhorn
sculpins suggests that these species spawn in the coastal marine
or estuarine waters of the study area.

VII. Summary of 4th Quarter operations and future field work

The
obtained
resource

fourth quarter of this study was spent collating data
during the 1975 field season. Preparations for a fish
computer format were concluded and field observations of
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activities in Prudhoe Bay were made monthly. The use of a closed
circuit underwater television camera for identifying and observing
overwintering fish was explored in December and this system is now
being used in the Sagavanirktok and Kuparuk  River deltas as well as
in Prudhoe  Bay.

Field studies will continue through break-up, at which time
activities will be concentrated in the western half of the study
area. A tag and recapture effort will be conducted to identify
migration patterns and timing of fish moving along the coast as well
as the seasonal abundance of fish at permanent. capture sites. Life
history and food habits information will be added to that obtained
during 1975. An emphasis will be placed on the early life stages of
fish species inhabiting the Beaufort Sea to aid in identifying and
delineating spawning and rearing habitats.
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Table 1. Temperature, salinity and conductivity at capture stations

between Point Sorensen and Brownlow Point, Beaufort Sea, 1975.

Water
west North Date of Temp. Salinity, Conductivity

Station No* Longitude Latitude Capture ‘C PPT umhos

002-75

003-75

007-75

008-75

009-75

010-75

011-75

012-75

013-75

014-75

015-75

016-75

017-75

018-75

019-75

020-75

021-75

022-75

023-75

024-75+

025-75++

148° 32’

147° 45’

145° 56’

146° ~1’

145° 53’

146° 23’

146° 45’

146° 34’

147° 03’

147° 14’

147° 04’

147° 32’

147° 46’

147° 55’

148° 14’

148° 35’

148° 38’

148° 49’

148° 32’

148° 18’

148° 18’

70° 22’

70° 15’

70° 10’

70° 12’

70° 10’

70° 11’

70° 10’

70° 13’

70° 09’

70° 12’

70° 18’

70° 12’

70° 13’

70° 27’

70° 28’

70° 25’

70° 24’

70° 24’

70° 22’

70° 19’

70° 19’

8/1 4°

8/2 5.5°

8/12 3.5°

8/12 4°

8/12 3.5°

8/1 2 5.5°

8/12 6.0°

8/12 6.0°

8/13 7.0°

8/13 9.0°

8/1 3 6.0°

8/13 9.5°’

8/13 11.5°

8/14 2.0°

8/14 2.5°

8/-l4 5.0°

8/14 6.5°

8/14 7.0°

8/21 5.0°

9/17 2.5°

9/17 2.0°
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12.0

4.5

13.5

14.0

15.0

14.5

14.0

14.0

13.0

4.0

15.0

12.5

11.0

14.0

13.0

11.5

10.0

9.0

13.5

14.5

15.5

12,000

4,900

lQ,000

14,000

14,0no

15,000

14,500

15,!)0!)

14,000

5,000

15,000

14,500

13,500

13,000

12,000

12,000

17,000

9,500

14,000

14,000

14,5~()



Table 1. (continued)

Water
ldest North Date of Temp. Salinity Conductivity

Station No* Longitude Latitude Capture “C PPT Pmhos

026-75 145° 56’

027-75 146° 11’

029-75 146° 25’

030-75 146° 45’

031-75 147° 10’

034-75 147° 34’

038-75 148° 32’

041-75 148° 32’

70° 10’

70° 12’

70° 14’

70° 10’

70° 13’

70° 12’

70° 22’

70° 22’

9/24

9/24

9/24

9/24

9/24

8/18

8/21

8/24

-1.OO 18.5

-1.OO 18.5

-1.OO 17.0

-1.OO 14.0

-1.00 18.5

4.50 9.0

5.0° 10.5

3.5° 17.0

15,500

15,500

14,500

12,000

15,500

9,500

11,000

17,000

* See Fig. 3 for mapped locations of capture stations.
-1- West side of old causeway.
++ East side of old causeway.
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I.

The

SUl@lARY OF OBJECTIVES, CONCLUSIONS AND IMPL1CATIONS WITH

RESPECT TO OCS OIL AND GAS DEVELOPMENT

objectives of this study are; 1) a qualitative and quantitative

inventory census of dominant benthic species within the identified oil-lease

sites in the Gulf of Alaska, 2) a description of spatial and seasonal distri-

bution patterns of selected species in the designated study areas, 3) a pre-

liminary comparison of dominant species with physical, chemical and geological

features with emphasis on the latter parameter, and 4) preliminary observa-

tions of biological inter-relationships between selected segments of the

benthic biota in the designated study areas.

Forty-two widely dispersed permanent stations for quantitative grab

sampling have been established in the

these stations represent a reasonable

can be developed. Twenty-nine widely

northeastern Gulf of Alaska, and

nucleus around which a monitoring program

dispersed stations were occupied in the

northwestern Gulf. Substrate characteristics in this region made it difficult

to sample with quantitative gear.

The general patchiness of the fauna at the stations noted in the first

year of study indicated that at least five replicates be taken per station,

and at least this number of replicates have been taken at all stations during

the current project period. Quantitative field testing for the optimum number

of replicates per station has been accomplished; laboratory amlysis is not

available yet for this material.

Three hundred and eleven species have been determined from the grab

sampling program, and 168 species from the trawl program. It is probable

that all species with numerical and biomass importance have been collected

over the past two sampling years and that only rare species will be added in

future sampling.

9
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Basic information on Diversity, Dominance and

is now available for all permanent stations on the

is indicated in the interpretation of these values

available over a longer time base.

Evenness for grab stations

northeastern grid. Caution

until further data is

Criteria established for Biologically Important Taxa (BIT)

95 species. These species have been used to comprehend station

gations  by cluster analysis. Preliminary groupings of stations

have delineated

species aggre-

into three

basic clusters have been accomplished. Further understanding of stations

clustering has been gained by clustering species, and construction of a two-way

coincidence table of species us station groups. By this means, specific group-

ings of species can be related to station clusters, and intermediate positions

of stations (or clusters) can be determined by the particular groupings of

species they have in common.

The joint National Marine Fisheries Service trawl charter for investigation

of demersal fishes and epifaunal benthos was effective, and excellent spatial

coverage on the shelf of the northeastern portion of the Gulf was achieved.

Integration of this information with the infaunal bemthic data will enhance

our understanding of the shelf ecosystem.

Initial qualitative assessment of data suggests that; 1) sufficient

station uniqueness exists to permit development of an adequate monitoring pro-

gram based on species composition at selected stations, and 2)

numbers of unique, abundant , and/or large species are available

permit nomination of likely monitoring candidates.

that adequate

to ultimately

The principal food groups for cod at all sizes were molluscs, crustaceans,

and fishes. There were some small quantities (less than 10% of the total occur-

rence) of

frequency

40 and 36

coelenterates,  annelids, euphausids, isopods and echinoderms. The

of occurrence of snow crab, &%&mxeete8  lwz<nl~ for 1972-1974 was 33,

percent respectively.
2
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II. INTRODUCTION

A. General Nature and Scope of Study

The operations connected with oil exploration, production, and trans-

portation in the Gulf of Alaska present a wide spectrum of potential dangers

to the marine environment (see Olson and Burgess, 1967, for general discussion

of marine pollution problems). Adverse affects on the environment of the

Gulf cannot be quantitatively assessed, or even predicted, unless back-

ground data pertaining to the area are recorded prior to industrial develop-

ment.

Insufficient long-term information about an environment, and the basic

biology and recruitment of species in that environment can lead to erroneous

interpretations of changes in types and density of species that might occur

if the area becomes altered (see Nelson-Smith, 1973; Pearson, 1971, 1972;

Rosenberg, 1973, for general discussions on benthic biological investiga-

tions in industrialized marine areas). Populations of marine species fluc-

tuate over a time span of a few to 30 years (Lewis, 1970, and personal communi-

cation). Such fluctuations are typically unexplainable because of absence

of long-term data on physical and chemical

association with biological information on

1970 and personal communication).

environmental parameters in

the species involved (Lewis,

Benthic organisms (primarily the infauna and sessile and slow-moving

epifauna)  are particularly useful as indicator spe&es for a disturbed area

because they tend to remain in place, typically react to

mental changes, and by their presence, generally reflect

substratum. Consequently, the organisms of the infaunal

long-range environ-

the nature of the

benthos have

frequently been chosen to monitor long-term pollution effects, and are believed

3
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to accurately reflect the biological health of a marine area (see Pearson,

1971, 1972; and Rosenberg, 1973 for discussions on long-term usage of

benthic organisms for monitoring pollution).

The presence of large numbers of benthic epifaunal species of actual

or potential commercial importance (crabs, shrimps, scallops, snails, fin

fishes) in the Gulf of Alaska further dictates the necessity of understanding

benthic communities since many commercial species feed on infaunal  and small

epifaunal  residents of the benthos (see Zenkevitch, 1963 for a discussion of

the interaction of commercial species and the benthos).  Any drastic changes

in density of the food benthos  would affect the health and numbers of these

fisheries organisms.

Experience in pollution-prone areas of England (Smith, 1968), Scotland

(Pearson, 1972), and California (Straughan, 1971) suggests that at the com-

pletion of an initial exploratory study, selected stations should be examined

regularly on a long-term basis to determine any changes in species content,

diveristy, abundance and biomass. Such long-term data acquisition should

make it possible to differentiate between normal ecosystem variation and

pollutant-induced biological alteration. An intensive investigation of the

benthos of the Gulf is also essential to an understanding of the trophic

interactions involved there and the potential changes that may take place

once oil-related activities are initiated. The ongoing benthic biological

program has emphasized the development of a qualitative and quantitative

inventory of prominent species of the benthos as part of the overall examina-

tion of the biological, physical and chemical components of the portions of

the Gulf of Alaska shelf slated for oil exploration and drilling activity.

In addition, initiation of a program designed to quantitatively assess



assemblages (communities) of benthic species on the shelf will expand the

understanding of distribution patterns of species he’re. A developing in-

vestigation concerned with the biology of selected species will also further

the overall Gulf of Alaska trophic dynamics program.

B. Specific Objectives

1)

2)

3)

4)

A qualitative and quantitative inventory census of dominant benthic

species within the identified oil-lease sites.

A description of spatial and seasonal distribution patterns of

selected species in the designated study areas, with emphasis

on assessing patchiness and correlation with microhabitat.

A preliminary comparison of the distribution of dominant species

with physical , chemical and geological features with emphasis on

the latter parameter.

Preliminary observations of biological interrelationships between

selected segments of the benthic biota in the designated study

areas.

c. Relevance to Problems of Petroleum Development

The effects of oil pollution on subtidal benthic organisms have been

seriously neglected, although a few studies, conducted after serious oil

spills, have been published (see Boesch et  LzZ., 1974 for review of these

papers). Thus, lack of a broad data base elsewhere makes it difficult at

present

thos of

ties in

to predict the effects of oil-related activity on the subtidal  ben-

the Gulf of Alaska. However, the rapid expansion of research activi-

the Gulf should ultimately enable us to point tith some confidence

5 270



at certain species

activity becomes a

frame is needed to

or areas that might bear closer scrutiny once industrial

reality. It must be emphasized that a considerable time

understand long-term fluctuations in density of many

marine benthic species, and it cannot be expected that a short-term research

program will result in total predictive capabilities. Assessment of the

environment must be conducted on a continuing long-term basis.

As indicated previously, infaunal  benthic organisms tend to remain in

place and consequently have been useful as an indicator species for disturbed

areas. Thus, close examination of stations in the Gulf with substantial com-

plements of infaunal  species is warranted (see Feder and Mueller, 1975 for

examples of such stations). Changes in the environment at these and other

stations with a relatively large number of species might be reflected in a

decrease in diversity of species with increased dominance of a few (see

Nelson-Smith, 1973 for further discussion of oil-related changes in diversity).

Likewise, stations with substantial numbers of epifaunal species should be

assessed on a continuing basis (see Feder and Mueller, 1975 for references

to relevant stations). The potential effects of *S of specific species

to the overall trophic structure in the Gulf cann@ be assessed at this time,

but the problem can probably at least be addressed once benthic  food studies

are initiated by R. Smith (1975).

Data indicating the effects of oils on most subtidal benthic inverte-

brates are fragmentary, but echinoderms are “notoriously sensitive to any

reduction in water quality” (Nelson-Smith, 1973). Ecblnoderms (ophiuroids,

asteroids, and holothuroids)  are conspicuous members of the benthos of the

Gulf (see Feder and Mueller, 1975 for references to relevant stations), and

could be affected by oil activities there. Asteroids (sea stars) and

2’71



ophiuroids (brittle stars) are often important components of the diet of

large crabs (for example king crab feed on sea stars) and demersal fishes.

The tanner or snow crab (Ch~onoecetes bairdi)  is a conspicuous member of

the shallow shelf of the Gulf, and supports a commercial fishery of con-

siderable importance there. Laboratory experiments with this species have

shown that postmolt individuals lose most of their legs after exposure to

Prudhoe Bay crude oil; obviously this aspect of the biology of the snow

crab must be considered in the continuing assessment of this benthic species

in the Gulf (J. Karinen and S. Rice, in press: cited in Evans and Rice, 1974).

Little other direct data based on laboratory experiments is available for

subtidal benthic species (see Nelson-Smith, 1973). Experimentation on toxic

effects of oil on other common members of the subtidal  benthos should be

strongly encouraged for the near future in the overall OCS program.

A direct relationship between trophic structure (feeding type) and

bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for review).

A diesel-fuel oil spill resulted in oil becoming adsorbed on sediment particles

with the resultant mortality of many deposit feeders living on sublittoral

muds. Bottom stability was altered with the death of these organisms, and

a new complex of species became established in the altered substratum. The

most common members of the infauna of the Gulf of Alaska are

thus, oil-related mortality of these species could result in

bottom sedimentary regime with alteration of species.

As suggested above, upon completion of initial baseline

deposit feeders;

a changed near–

studies in

pollution prone areas, selected stations should be -amined regularly on

a long-term basis. Cluster analysis techniques dbsed below, supplemented

by principal components and/or principal coordinate analysis, should provide

7
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excellent techniques for the selection of stations for continuous monitoring

in the Gulf of Alaska. In addition, these techniques should provide an

insight into normal ecosystem variation (Clifford and Stephenson, 1975;

Williams and Stephenson, 1973; Stephenson et aZ., 1974).
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III . CURRENT STATE OF KNOWLEDGE

Little is known about the biology of the invertebrate benthos of the

Gulf of Alaska, although a compilation of some relevant data on the Gulf of

Alaska is available (Rosenberg, 1972). A short but intensive survey in the

summer of 1975 added some specific benthic  biological data for an area south

of the Bering Glacier (Bakus and Chamberlain, 1975). Results of the latter

study are similar to those reported by Feder and Mueller (1975). Some scat-

tered data based on trawl surveys by the Bureau of Commercial Fisheries is

available, but much of the information on the invertebrate fauna is so general

so as to have little value. Some unpublished information on the epifauna is

available (i.e., Alaska Department of Fish and Game King Crab Indexing Surveys

in the vicinity of Kodiak Island).

In the summer and fall of 1961 and spring of 1962 otter trawls were

used to survey the bottomfish and shellfish on the Continental Shelf and

upper continental slope in the Gulf of Alaska (Hitz and Rathjen, 1965) the

survey was part of a long-range program begun in 1950 to determine the size

of bottomfish stocks in the northeastern Pacific Ocean between southern

Oregon and northwest Alaska. Invertebrates taken in the trawls were of

secondary interest, and only major groups and/or species were recorded.

Invertebrates that comprised 27 percent of the total catch were grouped into

eight categories; heart urchins (Echinoidea), tamer crab (Ch{onoece&es

bahd~), starfish (Asteroidea), Dungeness crab (Cancer magister),  scallop

(Pectencaw-&zz4s  ), shrimp (PandaZus boreal{s, P. plkhjpus, and Pandalops<s

d{spm), king crab (ParaZ~thodes  camtschat<ca), and miscellaneous inverte-

brates (shells , sponges, etc.) (Hitz and Rathjen, 1%5). Heart urchins

accounted for about 50 percent of the invertebrate =tch and tanner crab

9



ranked second representing about 22 percent. Approximately 20 percent of

the total invertebrate catch was composed of starfish.

Further knowledge of invertebrate stocks in the north Pacific is scant.

The International Pacific Halibut Commission (IPHC) surveys parts of the

Gulf of Alaska annually and records selected commercially important inver-

tebrates but non-commercial species are discarded. The benthic investigations

of Feder and Mueller (1975 and this report) represent

qualitative and quantitative examination of the biota

and epifauna of the Gulf of Alaska.

the first intensive

of the benthic infauna

Data collected in the first year (1974-1975) of the OCS study in the

Gulf has served as a springboard and an intensive data base for the studies

in 1975-1976. Additional data are

and will set the basis of analysis

Additional information obtained by

uncover data which will aid in the

available from the cruises of 1975-1976,

needed to meet the study objectives.

way of the literature search will probably

interpretation of the biology of the

organisms to be studies (Feder, 1975). The use of Cluster and Multivariate

techniques for the analysis of benthic  biological data (now being applied to

our data from the Gulf of Alaska) has been widely used by numerous investigators

examining shallow-water marine environments. Techniq~ are well reviewed

in Clifford and Stephenson (1975).

IV. STUDY AREA

In the grab sample program a series of stations ~re occupied with a

van Veen grab on a grid established in conjunction wi~ the physical, chemical,

hydrocarbon and trace metal programs in the northeastern (Fig. 1; Table 1)

and northwestern Gulf of Alaska (Fig. 2; Table 2). Thirty-four stations

10 2“/5
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Table 1. Stations sampled by van Veen grab in the northeastern Gulf of Alaska, July 1974 to
February 1975. Number at each entry under Cruise Number refers to number of repli-
cate samples.

GASS Sta- Latitude Longitude A~Drox. Jul. Ott . Nov. Feb. May Sept. Nov.-Dee.
tion (N) (w) -

De~th (m) Cruise Number- -

193 200 202 805 807 811 816

1
2

:
5
6
7
25
26
27
28
29
30
31
32
33
37
39
40
41
42
43
44
48
49
50
51
52
53a
53b
54
55
56
57
58
59
60
61
62
63
68
69

59°50.2’
59°41.5’
59°33.0’
59°24.5’
59°16.0’
59°07.2’
58°58.7’
59°02.5’
59°10.8’
59°18.6’
59°26.5’
59°34.6’
59°44.1’
59°35.2’
59°26.3’
59°17.5’
59°16.2’
59°35.7’
59°45.5’
59°55.1’
59°55.1’
59°45.0’
59°35.0’
59°27.5’
59°37.5’
59”47.7’
59°57.6’
60°07.6’
60°23.0’

60°13.9’
60°04.5’
59°55.2’
59”45.6’
59°36.2’
59°17.1’
60°01.5’
59°34.2’
59°33.2’
59”49.5’
59°38.2’
59°20.0’

149°30.5’
149°22.0’
149°13.2’
149°04.9’
148°56.0’
148°47.5’
148°38.7’
140°49.8’
140°38.9’
140°27.9’
140”16.9’
140°06.0’
141°27.9’
141°36.8’
141°45.0’
141°54.8’
142°59.2’
142°49.5’
142°44.5’
142°39.5’
143°51.2’
143°52.8’
143°54.2’
145°11.5’
145°10.0’
145°09.0’
145°07.8’
145°06.5’
146°54.0’

146°48.6’
146°42.6’
146°36.8’
146°31.0’
146°25.5’
146°14.0’
145°51.2’
145°46.9’
142°16.0’
142°03.8’
147°36.5’
147°32.0’

263
219
220
200
174
151
220
179
148
129
239
68
43

117
179
219

2,620
549
195
119
93

117
181
117
186
164
135
53

279
384
204
117
64
69
97

334
90

170
240
80

120
120

3

3

3

3
la

3

‘a
1

3
3

3
3

2

3

3

1

3

3
3

3

3

‘a6

:
la
la
la
4
4
23
23
1

4

4

2

3
4
4
3
4

5

4
4

1
3
4
3
4

4

41
1

5
5
5
10
5
5
5
5
5
5
5
0
loa
5
5
5

3
5
5
10
5
3
5
5
5
5
5
5

2
5
5
5
5
5

5
10
5

5

5
10

5
10

5
5
5
5
5
5
5

aGrabs volume less than 5 liters.
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Figure 2. Station grid established for oceanographic investigations in the northwestern Gulf of Alaska.
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data.



Table 2. Stations sampled by van Veen grab in the northwestern Gulf of
Alaska (NEGOA), October to December 1975. Number at each entry
under Cruise Number refers to number of replicate samples.

GASS Sta- Latitude Longitude Approx. Ott . Nov.-Dee.
tion (N) (w) Depth (m) Cruise Number

812 816

101
102
103
104
105
106
107
108
109
110
119
120
121
123
124
133
134
135
136
137
145
146
147
148
156
157
158
159
160

59°19.8’
59° 9.9’
59° 0.0’
58°50.0’
58°39.9’
58°28.1’
58°18.6’
58° 9.1’
58° 2.5’
57°55.5’
57° 6.9’
56°55.0’
56°43.2’
56°31.3’
56°19.1’
55°46.3’
55°33.4’
55°20.3’
55° 7.5’
54°54.3’
53°03.1’
54°49.4’
54°36.2’
54°23.5’
54°29.2’
54°17.0’
54°04.5’
53°51.9’
53°43.3’

152°24.1’
152° 4.1’
151°45.1’
151°26.4’
151° 7.1’
150°47.7’
150°28.0’
150° 9.1’
148°56.3’
149°43.4’
156° 0.0’
155°44.1’
155°27.9’
155°12.0’
154°55.1’
158°51.0’
158°38.3’
158°25.1’
158°12.4’
157°59.0’
161°24.4’
161°12.5’
161° 0.7’
160°49.1’
165°11.3’
164°58.8’
164*46.2’
163°34.0’
164°25.4’

90
112
135
104
185
86
53
57
176
180
207
290
230
43
110
73
154
150
140
109
75
73
106
109
160
70
104
96
140

5
5
5
5
3

5
la
5
5
6
6
6
5
0
1
0
3
0
0
0
la
la

0
0

a
Grab volume less than 5 liters.



on this grid were occupied as frequently as possible in the northeastern

Gulf of Alaska (NEGOA) and seven other stations occupied at least once in

order to increase the coverage of the area. Twenty-five stations were

occupied in the northwestern Gulf of Alaska, but many of these stations did

not yield satisfactory samples due to the nature of the substratum. All

stations typically extended from inshore (depth of 43 meters) to a maximum

depth of approximately 200 meters.

A large number of stations were occupied in conjunction with the Resource

Assessment trawl survey which sampled a grid existing from the western tip of

Montague Island (148° longitude) to Yakatat Bay (140° longitude) (Fig. 3).

This survey sampled to a maximum depth of approximately 500 meters (250

fathoms).

v. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Benthic infauna discussed .in this report was collected on three cruises

of the R/V Acona (July, October and November, 1974), one cruise of the

R/V Oceanographer (February, 1975), and one cruise on the R/V Townsend Cranuell

(May, 1975). To satisfy the objectives of the project, stations were selected

over the entire study area, and these stations were occupied whenever a vessel

was available.

During the period from 1 July 1975 to 1 March 1976 three cruises were

made for the collection of benthic infauna  on the USNS Si2as Bent (cruise

811, 1-17 September 1975) and the R/V mscoverer (cruise 812, 10-~6 October

1975 and cruise 816, 23 November to 8 December 1975). An additional cruise

was completed on the R/V Dbcoverer (17 March to 2 April 1975) in the north-

eastern Gulf of Alaska. During these cruises, 263 samples were collected at
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Figure 3. Station grid established for trawl survey on the shelf of the northeastern Gulf
of Alaska. See Annual Report on “Baseline Studies of Demersal Resources of the
Northern Gulf of Alaska Shelf and Slope” for station data.



40 stations in the northeastern Gulf of Alaska (Table 1), and 70 samples

were collected at 21 stations in the northwestern Gulf of Alaska (Table 2).

Samples were taken with a 0.1 m2 van Veen grab with bottom penetration

facilitated by addition of 70 pounds of lead weight to

mesh screen doors on top of the grab permitted removal

samples by members of the hydrocarbon and heavy metals

each grab. Two l.omm

of undisturbed sediment

study groups. In

addition, the screen doors served to decrease shock waves produced by bottom

grabs (see Feder et az., 1973 for discussion of grab operation and effective-

ness of the van Veen grab in sediments of the type found in the Gulf of Alaska).

A minimum number of samples, three replicates, were taken in

and February cruises to increase the possibility of complete

in the study area; the number of replicates was increased to

cruise of the R/V Townsend CromweZZ.  All subsequent cruises

the July, October

station coverage

4-5 in the May

sampled 5

replicates per station. Material from each grab was washed on a 1.0 mm

stainless steel screen and preserved in 10 percent formalin  buffered with

hexamine. Samples were stored in plastic bags.

In the laboratory (Marine Sorting Center, University of Alaska, Fairbanks)

all samples were rinsed to remove the last traces of sediment, spread on a

gridded tray, covered with water and rough-sorted by hand. The material was

then transferred to fresh preservative (buffered 10 percent formalin), and

identifications made. All organisms were counted

excess moisture was removed with absorbent towel.

Trawl material was collected with commercial

and wet-weighed after

gear on board the M/V

North  Pac~f;c. One hour tows were made at predetermined stations (Fig. 3)

using a commercial size 400 mesh Eastern otter trawl. All invertebrates of

non-commercial importance were sorted out on shipboard, given tentative
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identifications, counted, weighed when time permitted and aliquot samples

of individual species preserved and labeled for final identification at the

Institute of Marine Science, University of Alaska. All weights of the

Family Paguridae (hermit crabs) from the Gulf of Alaska were inclusive of

their shells. Counts and weights of commercially important invertebrate

species were recorded by the National Marine Fisheries Service biologists,

and the data was made available to the benthic invertebrate program.

For obvious logistic reasons all invertebrates could not be returned

to the laboratory for verification. Therefore, a subsample of each field

identification was returned to the University. Closer laboratory examina-

tion often revealed more than one species of what was designated in the

field as one species (e.g., field identifications of Rzndzhs borealis

was later found to also contain P. montcuyk tridens). The difficulty is

apparent in assessing total counts and weights of each taxon. In such

cases the counts and weights of the species in question were expanded from

the laboratory species ratio to the entire catch of the trawl.

A selected series of fish species were collected or their stomachs

removed and preserved; this material was given to Dr. Ron Smith for further

intensive analysis.

All invertebrate species were assigned code numbers after final identi-

fications in Fairbanks.

Pacific cod stomachs were obtained during 1972, 1973, and 1974 by

two fishing methods, pots and trawls. During 1972, 1973 and 1974, stomachs

were obtained as a by-product of the Alaska Department of Fish and Game

King Crab-Snow Crab Indexing Study. In 1973, samples were also obtained

on the NOAA National Marine Fishery Service Bottomfish Survey. All fishes

came from the vicinity of Kodiak Island, Alaska.
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The 1972 ADF&G King Crab-Snow Crab Indexing Study was conducted by

the M/V Marten and the M/V Peggy Jo from June 22 to August 4. The fishing

gear was Seattle-type wrap-around pots, each measuring 80” by 80” by 30”

inside and weighing approximately 750 pounds. The webbing was #72 tarred

nylon thread stretched to three inches.

The 1973 King Crab-Snow Crab Indexing Study was more thorough, and

offered the largest sample of stomachs as three vessels fished for a total

of 70 days. The R/V Resolution, the M/V Rosie G, and the M/V Rosemary fished

from June 26 to August 3. The M/V Rosemq substituted for the R/V Resolution

as mechanical problems prevented the latter from continuing the charter.

During this charter period, two fishery biologists and three technicians

were employed on each vessel with one vessel fishing mostly the ocean stations

and the other fishing mostly the bay stations. Stations that were fished

during the 1973 Indexing Study were similar to the 1972 stations with minor

additions and omissions. The fishing gear in 1973 was also the Seattle-type

king crab pots.

The 1974 Crab Indexing Study was carried out by two vessels for a

total of 62 fishing days.

All fishes caught during the 1972, 1973, and X374 ADF&G King Crab-Snow

Crab Indexing Studies were obtained using the same sampling procedure.

In 1972, each offshore station consisted of a five-mile string of 20

pots (four pots per mile). During the 1973-1974 study, 2 1/2 to 3 mile strings

of 12 pots (four per mile) were fished. During all three years, bay stations

consisted of four pots at a station length of one mile.

To determine the distribution of these stations on the ocean floor, a

scattered sampling plan was devised. Because the elaborate sampling design
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was directed toward “crab” assessment and not “cod” assessment, it is not

necessary to describe this procedure.

Only one vessel, the M/V Peggy Jo, was able to collect fish stomachs

and associated information in 1972. Forty pots with two stations of 20 pots

each, were fished daily by each vessel. In 1973-1974, each vessel fished from

30 to 36 pots daily with 10 to 12 pots per station except for bay stations.

Pots were pulled every 18 to 24 hours except when weather conditions pro-

longed the fishing time.

As pots were pulled, various miscellaneous fishes were caught in addition

to the crabs. All fish were measured, however, not all were examined for

stomach contents. Fish, primarily cod, were often caught as they were drawn

by the bait (chopped frozen herring and occasionally cod or bullhead).

Often the time factor and manpower prevented the examination of stomachs

as sexing and measuring of crab plus recording other miscellaneous species

was the priority of the day’s work.

All stomachs were examined and recorded in the field by an ADF&G fishery

biologist. The contents were identified to the lowest possible taxon. Date,

station and pot number, depth of catch and frequency of occurrence as well

as relative abundance of contents were also recorded. Contents unidenti-

fiable in the field were preserved for later identification.

As fish were caught in the pots, they were measured (standard length)

and if time did not permit (immediate) examination of the stomach contents,

the fish were thrown into a basket for later examination. This method did

not allow a look at fish from specific pots rather from the overall station.

Stomachs of the bullheads, Great Sculpin )@xcc&ephalus  po2yaean-

thoeephalus (Pallas, 1811) , the Yellow Irish Lord Jkm5Zepidotus ~-ordani,
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Bean, and the Red Irish Lord Iiem~Zeptdotus  hemtZep{dotus (Tilesius, 1810)

were also examined along with various miscellaneous species.

During September 1973, the NOAA R/V John N. Cobb conducted a groundfish

survey southwest of Kodiak Island. Trawling was performed with a standard

400 mesh liner in the cod end. The trawl. was constructed of 4“ mesh through-

out the wings, square and belly, and 3 1/2” mesh throughout the intermediate

and cod end.

Three-eighths

along the cod

Headrope and footrope lengths were 71 and 94 feet, respectively.

inch (3/8”) single braid polypropylene chafing gear was attached

end. Cod were taken during this 30-minute tow in 98 fathoms

at 57°46.61N  and 154°18.1’W. This was the only trawl sample that was

obtained.

All cod ‘stomachs that c~e from trawls were subsequently removed, separ-

ately placed in muslin bags, preserved in 10 percent formaldehyde with the

pertinent data for each fish recorded and held for later examination. Each

fish

fied

was also sexed. Stomach contents were carefully enumerated and identi-

in the laboratory.

Selection of species from pots posed little difficulty as cod and

sculpin  were the dominant species. Cottids -- the Great Sculpin and the

Yellow Irish Lord were commonly found. Other fishes such as rockfish,

searchers, lumpsuckers, eels and pollock were also found but to a lesser

extent. They

found dead as

were nearly always examined.

mortality was readily caused

As fish were caught, they were placed

Halibut was examined only when

by sand fleas.

in a large wooden tagging bin

with a fiberglassed meter stick used for measuring. All fish were chosen

at random for examination. Bias was minimized as most cod in a specific pot

were relatively

Irish Lord were

equal in lengths. The bullheads, Yellow Irish Lord and Red

also similar in size.
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The selection of fish from each pot was flexible and no strict sampling

guidelines were followed. If time allowed the examination of two or three

fish from a pot before the next pot was lifted, the remainder were returned

to the sea or saved for later examination.

Often stomach contents could not be identified in the field and were

returned to the laboratory for examination.

In order to determine frequency of occurrence, the

samples was recorded in which each kind of food item is

are usually expressed as percentage of the total number

containing various food items.

number of individual

found. The results

of specimens analyzed

Identification of many mollusks to species was carried out by Mr. Rae

Baxter of Bethel, Alaska. Certain invertebrates and fishes were identified

by Mr. George Mueller, curator and Mr. Kenneth Vogt, respectively of the

University of Alaska’s Marine Collections.

Criteria developed by Feder et al. (1973) to recognize Biologically

Important Taxa (BIT) were applied to the data collected in the Gulf of Alaska.

By use of these criteria, each species was considered independently (items

1 and 2 below) as well as in combination with other benthic species (items

3 and 4 adopted from Ellis, 1969). Each taxon classified as BIT in this

study met at least one of the four conditions.

1. It was distributed in 50 percent or more of the total stations sampled.

2&3. It comprised over 10 percent of either the composite population

density or biomass collected at any one station.

4. Its population density was significant at any given station. The

significance was determined by the following ~est:

a. A percentage was calculated for each taxon with the sum

of the population density of all taxa equalling 100 percent.
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b. These percentages were then ranked in descending order.

c. The percentages of the taxa were summed in descending

order until a cut-off point of 50 percent was reached.

The BIT were those taxa whose percentages were used to

reach the 50 percent cut-off point. When the cut-off

point of 50 percent was exceeded by the percentage of the

last taxon added, this taxon was also included.

5. Its biomass was significant at any given station. This significance

was determined by the following test:

a. A percentage was calculated for each taxon with the sum

of all taxa equalling  100 percent.

b. These percentages were then ranked in descending order.

c. The percentages of the taxa were summed in descending

order until a cut-off point of 50 percent was reached.

The BIT were those taxa whose percentages were used to reach

the 50 percent cut-off point. When the cut-off point of

50 percent was exceeded by the percentage of the last taxon

added, this taxon was

Species diversity was examined by

1. Shannon-Wiener Index

also included.

way of three Indices of Diversity:

H = ‘x pilOgepi
‘iwhere pi = ~

‘i
= number of individuals of species i , i , i1 2 3“””ix

N = total number of individuals

s = total number of species

2. Simpson Index

~2_s
‘i-1=

n N-1
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3. Brillouin

H =

These indices

Index of Diversity

+ (logloN! - Zlog10N2!) where

N = total number individuals in all species

N i =
thnumber of individual in the i species.

were calculated for all stations sampled.

The Simpson index is an index of dominance since the maximum value, 1,

is obtained when there is a single species (complete dominance), and values

approaching zero are obtained when there are numerous species, each a very

small fraction of the total (no dominance). The Shannon and Brillouin

indices are indices of diversity in that the higher the value, the greater

the diversity and the less the community is dominated by one or a few kinds

of species (see Odum, 1975 for further discussion and additional references).

All species taken by grab were coded according to the 10 digit VIMS

system used for fauna collected in a benthic study in Chesapeake Bay

(Swartzet aZ., 1972); coding was suitably modified by G. Mueller to conform

to species collected in the Gulf of Alaska (Mueller, 1975). Data was recorded

on computer cards, and will be converted to magnetic tape. Data printout was

accomplished by means of special programs written by Mr. James Dryden (Data

Processing Services, Instituteof  Marine Science, University of Alaska).

Data output consisted of a listing of stations occupied and replicates (samples)

taken, a species-coding number list associated with a printout of Biologically

Important Taxa (BIT) for all grab stations, and a series of station print-

outs (species collected, number of individuals ~ percentage of each species

(number), biomass of individuals ~ percentage of each species

Simpson Index, Shannon Diversity Index and Brillouin  Index).

Ten van Veen grabs have been taken at six stations with

(biomass),

varying sediment

types and species assemblages scattered throughout the

24
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Alaska study area (Fig. 1). These samples

the Marine Sorting Center. When available

grab sampling simulation program developed

are presently being analyzed at

this data will be analyzed by the

by Feder et az. (1973) in order to

determine the optimum number of grabs required to adequately sample a station.

In addition these samples will be analyzed for dispersal

“k” parameter of the negative binomial distribution [k =

of patchiness,

is independent

coefficient of

as well as the coefficient of dispersion.

of sample size (Taylor, 1953) and thus is

dispersion for measuring patchiness (Lie,

patterns using the

-2
X /(S2-1)] as a measure

The “k” parameter

preferable to the

1968) . The data can

then be transformed

set about the mean,

population estimate

to approximate a normal distribution, statistical limits

and the number of samples required to give a satisfactory

determined (McIntyre, 1971).

In order to improve our understanding of the diversity of stations an

additional program was written to determine the Shannon Wiener evenness

component, the Brillouin Index of diversity, and its evenness component

(Table 3).

Shannon-Wiener Evenness

H’ =

where H’max =

s =

Brillouin Evenness

J = H/Hmax

Shannon Wiener diversity

log s

total number of species

measure

Hmax = ~ log
N!

{[N/S]!} ‘-r{([N/S]+l)!}r

where N = total number of individuals of all species

S = number of species

[N/Sl = the integer part of N/S

r = N-S[N/S]
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Both the Brillouin, H, and the Shannon Wiener, H’, diversity indices are

based on the information theory. The difference between the two measures

is that the Shannon Wiener index assumes that a random sample has been taken

from an infinitely large population and that “all species in the community

population are represented in the sample” (Poole, 1974) while the Brillouin

Index is simply a measure of the diversity of the species sampled (see Poole,

1974; Pielou, 1966a, 1966b, 1975 for a discussion of the use of these measures).

Feder et az. (1973) and Lie (1968) using cumulative plots of species recruited

with increasing sampling found that 5 grabs contained 75 to 85% of the total

species found in 8 and 10 grabs respectively. As the number of grabs sampled

declines these percentages decline logarithmically. Thus, if the number of

samples is low or if the grab inadequately samples the community due to

poor penetration or patchiness in distribution of organisms a considerable

error is introduced in the Shannon Wiener estimate of diversity. This

error makes itself apparent when the Shannon Wiener Evenness is calculated.

Diversity as measured by the Shannon-Wiener and the Brillouin  informa-

tion theory indices can be divided into two components, one component is

simply the number of species represented in the sample and the other is the

relative numbers of individuals in the community or sample. Thus, if two

communities (or samples) contained the same number of species but in one

community one of two species dominated the community while in the other the

number of individuals (or biomass) per species was relatively even, the latter

would have a higher diversity. The relative number of individuals/species

is called the evenness component of the diversity index. It is calculated

as shown in the equations above by dividing the calculated diversity by the

maximum diversity (the diversity of a community in which all species occurred
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in the same proportion). Note that in Table 3 the Shannon Wiener Evenness

component is >1. This results because we have not sampled all the species

in the “community” and the value for H’max = logS we calculated is lower

than the actual value for all species in the community.

Classification and Ordination

Station groups and species assemblages have been identified using several

classificatory techniques. These techniques can be broken down into 3 basic

steps (Field, 1971).

1. Calculation of similarity (or dissimilarity) coefficients between

the entities to be classified.

2. Sorting through the matrix of similarity coefficients to arrange

the entities in a hierarchy or dendrogram.

3. Recognition of classes within the hierarchy.

Initially data reduction in our studies (as matter of convenience) prior

to calculation of similarity coefficients consisted of eliminating all species

except the biologically important taxa (BIT). However, this results in an

unacceptably large loss of information and a less drastic method of data

reduction will be used in the future. Elimination of all species which have

only a single occurrence and thus contribute very little to the recognition

of a station group, reduces the list of species analyzed to date to about

180 species. This technique will be used in the future.

As a matter of convenience initially to enable us to more effectively

interface the cluster analysis programs with MSCLST [Marine Sorting Center

List program -- a listing of all tabulated data from all stations), some

higher taxa that could not be analyzed to species were used. These higher
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taxa pooled with identified species could confuse the analysis, and it is

intended to eliminate most of them in future analyses.

Station data listed in Appendix Table I and II (and completely listed

on magnetic tape at the National Environment Data Center) are grouped as

“All Stations” (qualitative and quantitative) and “Quantitative Stations”.

Qualitative stations are those in which grab volumes were less than 5 liters.

Analyses were performed with data from both types of stations. Some of the

qualitative stations are quite unique in the Gulf sampling grid, and much

important information would be omitted from analysis if these stations

were rejected. Cormnents in the body of this report refer to qualitative

and quantitative stations as defined above.

Two similarity coefficients have been used in the initial classification

of the benthic infuana,  the Sgkensen coefficient which is based on the

presence or absence of attributes and the Motyka (synonymous with the

Czekanowski (Field, 1969) and Bray-Curtis (Clifford and Stephenson, 1975)

coefficients) quantitative modification of the S4rensen  coefficient.

Sdrensen

c
2C

= — where A =
‘1,2

A+B

Motyks

2W
CS”IFF where W =

29

total number of attributes of entity

one

total number of attributes of entity

2

total number of attributes shared by

entities 1 and 2

is the sum of the lesser measure of

attributes shared by entities 1 and 2
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A = is the sum of the measures of attributes

in entity 1

B = is the sum of the measures of attributes

in entity 2

The Motyka coefficient has been used effectively in marine benthic

studies by Field and Macfarlane (1968), Field (1969, 1970 and 1971),

Day et az. (1971), Stephenson and Williams (1971), and Stephenson et az.

(1972) . Compared with the similar “Canberra metric” (Lance and Williams,

1966) coefficient the Motyka coefficient tends to emphasize the effects

of dominant species (for a discussion see Clifford and Stephenson, 1975)

and it is often used with some form of transformation. However, Raphael

and Stephenson (1972)

that are more closely

ment type}.

appear to be

to stress on

Clifford

found that the Motyka coefficient produces site groups

related to changes in abiotic attributes (i.e. sedi-

and Stephenson state that ‘khe implications of this

that a reasonable stress on dominant species is preferable

the infrequently occurring ones if indications of the impor-

tance of abiotic  factors are required. Contrary to expectation the best

‘indicator’ species, at least in the above studies of marine benthos were

not the uncommon ones”. A similar comment has also been made independently

by Dr. B. Dicks for the shallow benthos of the North Sea (B. Dicks, Orielton

Oil Pollution Research Unit, personal communication).

The Jaccard coefficient has been used successfully by Field (1969)

for binary data and we plan to compare the results obtained with this

coefficient with those obtained with the Sg$rensen coefficient,

Jaccard Coefficient

c =*
‘1,2
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where a = total number of attributes of entity 1 alone

b = total number of attributes of entity 2 alone

c = as above

The Motyka, quantitative, coefficient will be used to classify all

stations except those in which quantitative grabs (sediment volume

could not be obtained due to lack of penetration of the grab. The

S4rensen  coefficient will be used on the entire data set including

data in an attempt to determine the relationship of these stations

>51)

Jaccard or

qualitative

to the pre-

viously clustered stations. Stations (and species) will be clustered both

2
on the basis of numbers and wet biomass/m for untransformed and log trans-

formed data. The log transformation Y = ln(x+l) reduces the influence that

dominant species have on the similarity determination.

Sorting strategies have been classified into three groups by Lance

and Williams (1967) depending on the intensity of clustering. Space con-

tracting strategies tend to form clusters which upon formation have closer

to all other clusters or individuals. These strategies tend to form chains.

The nearest neighbor (single linkage) technique is an

tracting strategy. Space dilating strategies tend to

which upon formation move further from other clusters

example of space con-

form discrete clusters

or individuals thus

once a cluster has formed there is a smaller chance that it will join

another cluster or individual. Space conserving strategies form clusters

which move neither closer nor further away from other clusters or individuals.

We plan to use three sorting strategies: 1) single linkage (nearest neighbor),

a space contracting strategy, 2) average linkage (group average; Lance and

Williams, 1967), a space conserving strategy, and 3] bnce and Williams’

C1967) flexible sorting

is set to equal -0.25.

strategy which is a space caatracting  strategy when B

Results from these methods w53.1 be compared to determine
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which one forms clusters which make the most ecological sense. Initial

analyses have been completed using the single linkage and average linkage

techniques. The flexible sorting strategy will also be utilized as soon

as the algorithms arrive from CSIRO Division of Computing Research, Can-

berra, Australia.

Both a normal and inverse analysis have been used to delineate station

groups and species groups. In a normal analysis, stations are classified and
.

species are the attributes. For example, using

similarity for a

be:

c
‘Sta.

normal analysis the similarity

. 2W
E where W = is the

1,2

the Motyka coefficient of

between two stations would

sum of the smaller measure

(numbers or biomass) of each species

for the two stations being compared.

An inverse analysis yields a classification of species where their presence

or numbers at a station are the attributes. Station groups and species groups

are then compared using a two way coincidence table.

We are currently developing programs to analyze both the species distri-

butions and such environmental parameters as sediment type, organic carbon

content, and salinity, temperature, oxygen concentrations of the bottom

water by principal component and principal co-ordinate analysis (Gower,

1967, 1969; Field, 1971, personal communication; Cassie and Michael, 1968;

Moore, 1974; Hughes and Thomas, 1971a, 1971b). Canonical Correlation

Analysis (Cassie and Michael, 1968; Williams and Lance, 1968) and/or

Multiple Regression analysis will also be used to investigate the relationship

between physical parameters and species distributions.
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VI.

A. Benthic Infaunal Programs

The basic plan of operation

RESULTS

suggested in the proposal (and presented

in Methods) was completed for the northeastern portion of the study area

(Fig. 1; Table 1) substratum differences encountered in the northwestern

Gulf study area during the October 1975 cruise resulted in only partial

quantitative coverage of the sampling grid (Fig. 2; Table 2). Although

vessel time and weather constraints did not permit complete sampling of

all stations in the northwestern grid on a seasonal basis, it was possible

to accumulate data in three time blocks -- July through November (1974);

February through May (1975); and September through October (1975). No

vessel time was made available for the summer of 1975.

The van Veen grab functioned effectively in the fine sediments of the

Gulf of Alaska, and typically delivered sample volumes of 13 to 19 2

with the exception of stations 26 (6 to 9 k), 29 (1 to 3 $) and 30 (2 L).

These stations tend to be sand or sand-gravel dominated, and penetration was

reduced. The surface of all samples, examined through the top door of the

grab, was undisturbed as evidence by the smooth detrital cover. (see Feder

et al., 1973 for a review on use of the van Veen grab in soft sediments of

the type found in the Gulf of Alaska.) The three (3) replicates typically

taken at each station in the first year of the study appeared to be a minimal

number as evidenced by qualitative examination of the station data (see Appendix

Tables 11,111 in Feder and Mueller, 1975); fauna was obviously very patchy.

The five (5) replicates taken at all stations in the next sampling year should

be sufficient, but this value will be tested by way d 10 replicate samples

taken at selected stations (see Feder et aZ., 1973 5Dr discussion on the

optimum number of replicate samples needed in a grbampling  program).

Q2



The size of screen chosen for the onboard washing process, 1.0 mm,

was appropriate for the sediments sampled, and was the minimal size that

could efficiently be used at most stations. A smaller size mesh would

greatly increase the overall shipboard washing time which in turn would

reduce the overall station coverage possible on each cruise.

All of the station data for the northeast Gulf for the July, October,

November, February and May cruises have been processed and tabulated (Feder

and Mueller, 1975; stored on magnetic tape). The balance of the archived

samples from September and October 1975 will be processed and analyzed by

the end of the contract year. See data available on magnetic tape; also

see selected stations Appendix I. Station data for the northwest Gulf is

not available as yet. All samples are being processed at present, and

data will be available for the final report.

Isolation of 311 species was made from the grab samples examined to

date (Feder and Mueller, 1975; Appendix Table 11). Station occurrence of

these species is found in Appendix Table I. Members of fourteen marine phyla

were collected with polychaetous annelids comprising the most important group

with 132 species. Molluscs were next in importance wi%h 69 species, and

Arthropod crustaceans next with 66 species. Echinoderms were fourth in

significance with 24 species. Other groups were less important. One hundred

and two (102) new species were added in the second year of the investigation.

The indices (Simpson, Shannon, Shannon Evenness, Brillouin and Brillouin

Evenness) calculated for all species in the quantitative grab stations are

included in Table 3. Examination of the data in this table indicates that

the indices are reflecting dominance (Simpson) and diwersity  (Shannon and

Brillouin). In the Simpson Index, the higher values h the series of indices
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in Table 3 are a reflection of the dominance in numbers of individuals of a

few species. Lower Shannon and Brillouin diversity indices also tend to

reflect species dominance or lower diversity at some of the stations.

Higher diversity indices are found at stations with many species but no

particular dominance by any one species. The calculated evenness indices

further clarify dominance relationships at any particular station.

Utilization of the criteria for Biologically Important Taxa has delineated

95 species (see Appendix Table 1). The data used to determine the BIT were

pooled from the cruises in July, October, November, February, and May.

Thirty-two (32) of the BIT were identifiable as important by way of biomass

at one or more stations. Some of the latter species were well distributed

throughout the study area, for example - the clams Ax&ops~da sezn%cata,

Nueub _Lenu~s, Ah.ieuhnapemuk;  the polychaete ~ternusp~s scutatu; the

echinoderms Ctenodkw etispatus, (?ph~ura sars~ and Molpadia sp. These

species may be ones with great influence on the trophic interactions in

their particular localities, and should be followed in succeeding years

(see Feder and Mueller, 1975; Appendix Table I; current data on magnetic

tape .for a listing of the species

The distribution of selected

through 41.

The feeding methods for the

included in Appendix Table VI of

compiled from the literature and

et  aZ. , 1973; Feder and Mueller,

dominating at stations by Biomass).

BIT species are plotted in Figures 4

majority of the species collected are

Feder and Mueller (1975). The data are

from personal observations (see Feder

unpublished data and interpretations).

Some of the species probably utilize two feeding methods, and such dual

feeding methods where known, are included in the table. Deposit feeding

35
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Figure 30. The distribution of the clam C’reneZ2a &ssuca~a on the shelf of the northeaste~ section of the
Gulf of Alaska. Distribution based on data from Ju~y-DeCember,<1974;  January-May 1975;
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is the most common method used (90 examples:

next in importance (58 examples: 25%). The

utilized by species at each station have not

39%) with suspension feeding

predominant feeding methods

been determined as yet. It

is presumed that the methods used will tend to vary with local currents and

be reflected to a certain extent by the substrate type at each station.

Feeding methods for the additional species taken during the current year

have not been examined as yet, comments should be available for the Final

Report.

Initial cluster analyses were performed on an incomplete data set which

included all of the stations occupied on cruises 193, 200, 202 and part of

the stations occupied during cruise 805. All cluster analyses of this “in-

complete” data set were carried out using untransformed counts of the number

of individuals/m2  for 71 BIT. Normal analysis of that data set including

the “qualitative” stations was carried out using the Stirensen presence-

absence coefficient and the single linkage (Fig. 42) and average linkage

(Fig. 43) sorting strategies. The dendrogram formed by the single linkage

strategy was difficult to interpret because of excessive chaining (Fig. 42).

Station groups formed by the average linkage sorting strategy are shown in

Figure 44. Division of the dendrogram was carried out at the 8th level.

Dendrograms of the inverse analysis to form species groups are shown in

Figures 45 and 46. Tables 6 and 7 include a list of the BIT used in the

classification and a station w species matrix showing species distributions.

Classification of the “incomplete” data set excluding “qualitative”

stations was carried out using the Motyka quantitative similarity coefficient

and both the single linkage and average linkage sorting strategies. Results

of the normal analysis are presented in Figures 47 through 50. Figures 51
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Figure 47. Culf of Alaska Mxyka Number of individuals st~cion-stm~on  for BIT taxa, single linkage. See WI. 48.
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Figure 49. Gulf of Alaska Notyka Number of individuals station-station for BIT taxon,  average, linkage. See Fig. .50.
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and 52 are dendrograms of the inverse analysis using the Motyka similarity

coefficient. Lists of the BIT and a station us species matrix showing the

individuals of each taxon at each station are found in Tables 8 and 9. A

two way coincidence table (Table 10) comparing the species groups and station

groups delineated by average linkage clustering of Motyka similarities was

constructed. The species (or Taxa) within each species group and the stations

within each station group are listed. Entries in the table represent the

number of species i at station j.

B. Trawl Program

The basic intent of the joint benthic invertebrate-demersal fish program

has been fulfilled by way of the invertebrate samples and fish stomachs

taken on three legs (25 days per leg) of the Northwest Fishery Center trawl

charter, from May through August, 1975. In addition, hydrocarbon and trace

metal samples were taken from invertebrates and fishes on these cruises.

Many of the stations were located in the general areas of the grab stations

(Figs. 1 and 3). All epifaunal invertebrates were typically counted, al-

though in s6me cases only weights were taken, for very abundant species.

At some stations it was possible to count and weigh most invertebrate species;

conversion factors have been developed to approximate wet weights for all

invertebrate species at all stations (Appendix Table III).

All samples have been processed, species identified, and all data

tabulated (Appendix Table 111; stored on magnetic tape).

Taxonomic analysis has delineated nine (9) phyla, 19 classes, 82 families,

and 168 species of invertebrates from the collections made on the M/V North

Pactf~c (Appendix Table 111; Tables 11, 12 and 13). The molluscs and Crustaceans

87
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Figure 52. Gulf of Alaska Motyka Number of individual taxon-taxon  for BIT taxon, average linkage. Refer to Table 6.
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Table 10a. Gulf of A3.dcq Stations two-way table, Stations Group us Species Groupe. See Table 8 for species relating to code numbers.

STATIONS

Species GrP 1 Grp II Grp 111 Grp IV GrP V EEILJ!l Grp VII Grp VIII L?EIQLQU!
Code S2a 52 b 55 a 49 50 53 41 42a 6 48 26 44a 57 So a 55= 3 51 32 12 42= 43 44= 59

46-----
54-----
2o1----
5514---
21-----

GzoupX 35 - - - - -
1 2 - - - - 5
57-----
49-----
614---
56-----
5 - - - - -
36 - - - ---
1 9 - - - - -

1
1 1

.

9 - - - - - ..-
1o--- 18 - - -
1o--- 3 - - -
9 3 - - - - -  -
16 3 154 - - -
5 5 13 1 l-- i
15101 - - - - -
20 10 5 9 8 - - -
8 243 2 - 1 - -

. 671- 3 - - -
4 1 2 8 - - -  -
2 4 - 11 5---

“ 1 4 - 13 3---
13-1 5---

--
--

1--
1

--
1

. .
1
.

--
3 1

--
.-
--
--
-.

21
3
3

1

52 - - - - - - - - - 6 - - - - - - - - - -
6 0  - - - - - -  - - - 5 1 - -  - - - - - -

.
w
t+ 5 3 1  - - - - -  -5-8-- 3 - - - - - - 1

5 1 - 1 - - 1 1  - - - l - - 1 8  - - - - - -  -
Group I158 - - - - - - - - 1 1 0 5 9 1 7  - - - - - -  -

4 2  - - - - - -  - - - - - - 1 3  - - - - - -  -
cd 3 8  - - - - - -  - - 3 - - - 8 - - - - - -  -
u; 3 4  - - - - - -  - - 1 4 32 4 5  - - - - - -  -
-w

1 1 - - - - -  ---121 z------ -,-
Group 5 9  - - - - - - -  - - oo- 2 - - - - - -
111 3 7  - - - - - -  --L-I 1 1 - - - 3 -

62 - - - - -- - - - - - - 1 - - - - - 2

29 4 6 1 6 5 1 40 49 1 4 2 1 - - 5 1 4 - 8 2 . - 1
43 - 2 - - 4660 ~ - 1 - 26 8 1 - 7 - 8 1

Group IV 1 4 25 :9 3 - 17 13 6 6 8 - 1 - - 2 ;3----:
30 33 7 6 1 - -. - 99 2 2 4- 2 - 4 -’1 - - - 1
11 53 41 31 29 20 36 1217 6 5 4 3 3 2 4 1 2 8 4 - 8 2
15 52 27 - - - - - - - - - - - - - - - - -



Table 10a. Continued

STATIONS

Species Chp I Grp I I GrP 111 Grp IV Grp V

52* 52b 55a 49 50 53
Grp V1 Grp VI1 GrpVIII u-

Code 41 42a 6 48 26 44a 57 5oa 55C 3 51 32 12 42= 43 44C 59

2 4 3 2 1 4 9 9 16 4 23414 1 3 - - - 4 - 1
65 1 - - - - 31

1 1
13 9 239 2 3 - - - - - 3 - 2

GroupV  50 1 1 4 1 6 14
2 4-

U 6 17 8 6 20 3 8 - - 1 - 2 - 2
40 9 3 7 1 9 2 1 64 2 27 9 U 8 9 L 3 7 3 a - 1
10 1 - - 142 - 6 1

1
10513

17 1 0 6
9 - 7 8 5 1

141 68 5 - - - - - - 4 ~653 6 8

32 - - - 8 10- - - - - 1 - - - - z 2 4 -
Group V161 1 - 1 1 7 - 2 - - - 1 1 - - 1 - 3 1 -

.

3 1 3  - - 8 - -  - - - - -
l--

1 2 - - - - - .

4 4 - 2 3 - 1 3  - - - 1 - - -  -
6 6  - - 2 - - 4  - 5 - - - - -  -~-2--

- - -

48 3 - 3 1 1 9 - - -’- - - 1 - 9 - - - -
9 4 8 1 2 1 2 1  2-221 2 2 2 1 - - - 1
1 8 5 8 2 - 1 6  -3---- 1------

&OUP 25 6 8 1 - - - - 5 21-- 7 - - - - - 1
VII 2 6 - 4 5 2 9 -  5 7 116- 3-1--1! -

w
Ld 1 6 4 1 - - 6 2  - 9 2 3 3 4 9 - - 1 - 1 - 6

2 2 2 5 5 3 2 - 2 1 - - - 5  - - - 8 - 2
4 5  - - 2 2 - 7 i - 3 1 2 2 - 3 4  21- 1-
472L421 2- 21-- 1 1 - 1 - 1 -

2 8 2 - - - 1 3  1 3
L&oup 31 -

1 - - - - 1  - - - l -
5 - 5 - - 2 -  - - - - - -  - - - -

C%U1l 41 2 ~ 5 - - - 7 1 - - - I - 2 I. 1 4 - - ~
al 8 - - 2 - - -  - 6 - 1 - - -  l - - - - 2 1

3 3  - - - - - -  - - - - 2 - -  ----6--
GroupIx63 2 - - - - - 2 - - - 4 7 - - - - - 5 - :

7 - - - - - -  - - - - 4 4 -  - - - - - -
23 - - - - - - - - - -.5 - - - - - - 2 - ti,-

a - Cruise 193
b = Cruise 200
c = (h&e 805



Table 10b. Gulf of Alaska Species Groups resulting from cluster analysis
(see Table 9) and feeding types of species in the groups.
DF=Deposit Feeder, S=Scavenger, SF=Suspension Feeder, P=Predator,
G=Grazer. Data sources for feeding types are Feder et aZ.
(1973) and Feder and Mueller (1975).

Species No. Feeding Type

46
54
20
55
21
35
12
57
49

6
56
5

36
19

52
60
53
51
58
42
38
34

1
59
37
62

29
43
14
30
11
15

24
65
50

Group I
Crustacea  Harpacticoida
Crustacea  Amphipoda HapZoops tubicuZa
Polychaeta  Maldanidae  MaZ&ne gZebi~ex
Crustacea Amphipoda Harpinti sp.
Polychaeta Maldanidae IVotoproctus pac<f~
Mollusca Pelecypoda ~ac~yd~um sp.
Polychaeta  Paraonidae Aricidea  jeffreysii
Sipunculida GoZfingiu magaretaeea
Crustacea Isopoda GnatWz sp.

Polychaeta  syllidae Langerhans&z  corn.utzz
Crustacea  Amphipoda  HarpWopsis sandpedrwnsis
Polychaeta  Polyodontidae  peisidice  aspez%z
Mollusca Pelecypoda CgcZopecten randoZph~
Polychaeta  Maldanidae  As$clnk sti<Z<s

Group II

Crustacea Amphipoda BybZis sp.
Brachiopoda Articulate Tepebpatuz~na ungu<cuza
Crustacea Amphipoda &jbZis crassicornis
Crustacea Amphipoda Ampelisca  macpocep?da
Bryozoa  Chvopora oectiental~s
Moilusca Pele~ypoda
Mollusca Pelecypoda
Mollusca Pelecypoda

Group

Sponges
Brachiopoda
Mollusca Pelecypoda

CZ<nocardhn  fucanum
Astaz%e montegu~
G’reneZZa dessucata

111

Astarte sp.
Echinoderm Echinoidea Brisaster townsendii

Group IV

Mollusca Pelecypoda  Nucula tenuis
Mollusca Pelecypoda Pseplzidti Zordi
Polychaeta  Spionidae Spiophanes  ci%rata
Mollusca Pelecypoda  WcuZana  pernuza
Polychaeta
Polychaeta

Polychaeta
Echinoderm

Lumbrineridae  Lumb&zer;s stizabr<s
Magelonidae  MageZona  Japon<ca

Group V

Oweniidae Af@ocheZe keeri
Ophiuridae Uph~ura sars~

Crustacea Amphipoda (miked species)

94 359

S(?), G
s
DF
s
DF
SF
DF
DF

Parasite
on fishes

P
s
s
SF
DF

s
SF
s
s
SF
SF
S F
SF

SF
SF
SF(?)
DF

DF, SF
SF
DF
DF, SF
DF
DF

DF, SF
P
s



Table 10b. Continued

Species No. Feeding Type

40
10
17

32
61
3

44
66
48
9

18
25
26
16
22
45
4

28
31
41
8

33
63
7

23

Mollusca  Pelecypoda Ax-ik.opsti serz%cati
Polychaeta Onuphidae (?nuphis geoph{2{fo&s
Polychaeta Sternaspidae Sternasph scutata

Group VI

Mollusca  Pelecypoda Porthdia arc?i%ca
EC. AS. Porcellanasteridae  Cterwdiscus erispatus
Cnidaria Anthozoa Sea Pen

Group VII

Mollusca  Pelecypoda Maeoma cakz.rea
Echinoderm
Cr Cumacea
Polychaeta
Polychaeta
Polychaeta
Polychaeta
Polychaeta
Polychaeta

Holothurcoidea MoZpadia sp.
Leuconidae  EudopeZZu  emarginata
Glyceride GZycera eapitata
Capitellidae  Betezwmastus  fiZiformis
Ampharetidae MeZinna er~stata
‘lerebellidae Terrebellides  stpoemi
Cirratalidae ThuPyz sp.
Maldanidae PraxiZZelZa  gracizis

Mollusca Scaphopoda DentaZ~um sp.
i’?emepteans (R?ujrdzmoeza)

Group VIII

Mollusca Aplacophora  %etodezma robustu
Mollusca Pelecypoda  NueuZana minuta
Mollusca Pelecypoda  Thgasira fzexuosa
Polychaeta  Nepthydidae Nepthzjs ferruginea

Group IX

Mollusca Pelecypoda Yoldia sp.
Echinoderm Amphiuridae Un;opzus macrasp~s
Polychaeta Syllidae Hapzosyzlis  spongicokz
Polychaeta  Oweniidae Ouenia fwifomnis

SF
DF
DF

DF, SF
DF
SF

DF, SF
DF
DF
P
DF
DF
DF
DF
DF
DF
P

DF
DF
SF
P

T)F, SF
DF
P
DF, SF(?)

95



Table 11. A list of species taken by CrZUJl from the Northeast Gulf of
Alaslcc (NEGOA} on board the National Marine Fisheries Service
charter vessel M/V NORT1l PACII’lC,  25 April - 7 August 1975.

Phylum Porifera

Phylum Cnidaria
Class Hydrozoa
Class Scyphozoa

Family Pelagiidae
C?Wysaora mehiaster Brandt

Class Anthozoa
Subclass Alcyonaria

Eunephthya rub<fozwnk (Pallas)
Family Virgulariidae
t%ylatula grac;le (Gabb)

Family PennaEulidae
PtiZosarcus  gurneyi (Gray)

Family Actiniidae
Teazia crassicomis  (O. F. }filler)

Phylum Annelida
Class Polychaeta

Family Polynoidae
Arctonoe vittata (Grube)
EunOa dsp~essa Moore
Eunoe oerwtied<  Malngren
fkz.rmothoe  muZtiisetosa Moore
HozoZepidu  magna Moore
L@donotus squcrnatus (Linnaeus)
Lepidorw*us 5P.
Po@eunoe tuta (Grube)

Family Polynodontidae
Pehidice aspe~a Johnson

Family Euphrosinidae
l$uphrosine hox%ensis More

Family Syllidae
Family Nereidae

Cerai50~wreis pawidentata <Moore]
Ceratonemis 5P.
CheiZone~eis c$ch.rus (Barrington)
Nereis pe~ag$ca Linnaeus
Nereis v&lZosa Grube
Iiereis 9P.

Family Nephtyidae
Family Glyceride

GQfcePa sp.
Family Ihmicidae

Eun&?e Valens (Chamberlain)
Family Lumbrincridae
Lumhinepis sirniZabris (Treadwell)

Family Opheliidae
TraVisia  pupa Moore

Family Sabellariiclae
Idantligrsua  armatu8 Kinberg

Family Terebelliclae
Am@titi$e o~rpate O. F. ll~ller



Family Sabellidae
htic?zone anal~s (Ib%yer)

Family Serpulidae
Cruc~gera ~rreguhmh Bush

Family Aphroditidae
Aph.rod~ta ~apon~ca Marenzeller
Aphrod~ta neglegens Moore
Aphrod~ta sp.

Class Hirudinae
i’?oto~tomobdella 5P.

Phylum Mollusca
Class

Class

Class

Polyplacophora
Family Mopaliidae
Pelecypoda
Family Nuculanidae

Ilucukna fossa Baird
Family mytilidae
Myt~Zus edul~s Linnaeus
Muscuhs niger (Gray)
Modwhs modiohs (Linnaeus)

Family Pectinidae
Chlbqfs hastata heri~ia (Gould)
Pecten caurinus Gould
Delectopectie?i  randolpjl~ (Dan)

Family Astartidae
Astarte polaris Dan

Family Carditidae
Cyclocardia  ventricosa (Gould)

Family Cardiidae
CZ~nocardhm &Z~atum (Fabricius)
C~inocaPdiwn  j%canum (Dan)
Sertipes groenhndicus (Brugui~re)

Family Veneridae
Compsomya suhd&zphana  Carpenter

Family Mactridae
S@sula polzjnyma (Stimpson)

Family Myidae
Family Hiatellidae
h%ate~~a arctiica (Linnseus)

Family Teredinidae
l?an~ia seiaoea Tryon

Family Lyonsiidae
Gastropod
Family Bathybembix

So2czrie2Za obscura (Couthouy)
L$schkcia &&zr~s (Carpenter)

Family iiaticidae
i?atica clausu llroderip  and Sowerby
PoZinices monteronis DaU
Pozinices Zehs$i (Gould)

Family Cymatiidae
Fusitriton oregoncns{s (Redfield)

Family Muriciciae
!?Z@W?WpSh  8tUaPt~  (Smith)

97



class

Family Buccinidae
Zh.4cch.um plectirum Stimpson

Family Neptuneidae
Bering<us konn~cott~ (Dan)
COZus hall{ (L)all)
ibrrbnella pacifica (Ball)
Neptwu?a hjrata (Gmelin)
Neptunea pribikffensis (Dan)
Pzicifusus Sp.
PyruZofusus hurpa (h~drch)
Voh..itops&s fi20sus I)all

Family Columbellidae
Mitre2Za gouzd; (Carpenter)

Family Volutidae
A~ctomelon stearns<i (Dan)

Family Turridae
Oenopota sp.
Leucosytinz &zwzkata (Dan)

Family Dorididae
Family Tritoniidae
Ttitonia esxmlans Bergh
Todm%a tietraquetra  (Pallas)

Family Flabellinidae
FZabeZl~rwpsis sp.

Cephalopod
Family Sepiolidae
Rossti pac~j%ca Berry

Family Gonatidae
Gonatops~s  borealis Sasaki
Gonatus mag;ster Berry

Family Octopodidae
octopus Sp.

Phylum Arthropoda
Class Thoraciea

Family Lepadidae
Lepas peet<nata pac~f;ca Henry

Family Balanidae
Baknua hesperius
&Tb2US 2Wstratu8 Hock
Bazanus Sp.

Class Isopoda
Family ~egidae

ltocdne~a augustata
Family Bopyridae
Arge~a pugettends

Class Decapoda
Family Pandalidae

Richardson

Dana

Pan&2us borealis Kr;yer
Pan&Zus jordani Rathbun
PaxdhZus montagu; t~iderm Rathbun
PandaZus plat~tce~oe Brandt
Pan&Zus hypshzotus Brandt
Pand2zZopsis  dispa.r Rathbun

Family Hippolytidae
Sp~pontocatis kmell~corn7k3  (Dana)
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Sp-kntocafis arcuata Rathbun
Eualus barbata (Rathbun)
Zhazks nzzcrophtihaZma (Rathbun)
Eualus suckle$i (Stimpson)
Eualus pus~ola <Kr~yer)

Family Crangonidae
Crangon comnnonk Rathbun
Az@s SP*
ArgZs dentata (Rathbun)
Argz% ov~fer (Rathbun)
Argis azas?censis (Kingsley)
Paracwngon echkztia Dana

Family Paguridae
Pagurus ochotensis (Benedict)
Pa@rus aleut~cus (Benedict)
Pagurus kennerZyt (Stimpson)
Pagurus confragosus (Benedict)
Elassochirus tenuhanus (Dana)
Elassoch~ms cavimanus (Miers)
kb<dochirus spi?endescens (Wen)

Family Lithodidae
Acantholitkodes hisp;dus (Stimpson)
Paralithodes camtsch~tica (Tilesiw)
Lophol<tiiwdes fomminatus (Stimpson)
RhinoZiz%oJes wosnessenskii Brandt

Family Galatheidae
tiunida quadx%spina BenZdict

Family Majiidae
Oregonia grac~l~s Dana
Hgas Zyratus Dana
Ch~onoecetes  bahdi Rathbun
Chor~~<a iknzg@es Dana

Family Cancridae
Cancer ?nc@step Dana
Cancer oregonensLs (Dana)

Phylum Ectoprocta

Phylum Brachiopoda
Class Articulate

Family Cancellothridae
!i’erebratuli?la  unguicula Carpenter
TerebrataL~a  tmnsversa (Sowerby)

Family l)allinidae
i@UeUS (XLifOPniCOIUS  Koch

Phylum 13chinodermata
Class Asteroidea

Family Asteropidae
Dermaster&zs tibticata (Grube)

Family Astropectinidae
fipsacaster borealis Fisher

Family Benthopectinidae
ik&liaster Ulxwsoni (Verrill)
hfeazwhaster pedice2Zm%s (Fisher)
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Family Goniasteridae
Ceramas~er patagonicus (Sladen)
H@pastie2+a8  sp~nosa Verrill
W@asttw aequalis Stimpson
Pseudarchastier pa.re2;i (D~ben and Koren)

Family Luiidae
Luidia foliolata Grube

Family Porcellanasteridae
C~enodhcus crispatus (Retzius)

Family Echinasteridae
Henr-&~a aspepa Fisher
Wwicia sp.
Pmzn<ops~s infZata Fisher

Family Pterasteridae
tiplopteraster mult~pes (Sars)
Ptezwnter tesseZatus Ives

Family Solasteridae
CrossasteP borealis (Fisher)
Cpossastep papposus (Linnaeus)
Lophastiep furc~lZ~ger Fisher
Lophaster fure~li?~gep vezator Fisher
SolaeteP ciizusoni Verrill

Family Asteridae
Leptasterias .8P.
Lethastertaa ncurimensis  (tferrill)
Stglastier&zs fopreti (de Loriol)
pycnopod~a he Z&znk;w~des  (Brandt)

Class Echinoidea
Family Schizasteridae
Btisastep tmnsendi

Family Strongylocentrotidae
Allocentz+otzis  frag~l<s (Jackson)
Strortgylocentpotus droebach~ens~s (O. F. M~ller)

Class Ophiuroidae
Family Amphiuridae

Un<oplus rwzcPasp3s (Clark)
Family Gorgonocephalidae

Gopgonocephazus  capy~ (Lyman)
Family Ophiactidae

Oph<ophoZ~s acuZeata (Linnaeus)
Family Ophiuridae
Amphiophiura pondeposa (Lyman)
Oph~ma sam; Lfitkin

Class Holothuroidea
Family Molpadiidae

tiolpad~a sp.
Family Cucumariidae
Family Psolidae

PSOZUS chttinotdes H. L. Clark
Class Crinoidea

Phylum Chordata
Class Phlebobranchia

Family Rhodosomatiidae
Chei!gosoma cohmbianum Huntsman

Class Stolidobranchia
Family Pyuridae
HaZocynthia aupantim oka
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Class Chondrichthyes
Subclass Elasmobranchii
Order Squaliformes
Family Squalidae
&@iahm acantinias Linnaeus

Order Rajiformes
Family Rajidae

RaJ”a b~noculata Girard
l?~”a k~nca~d~ Garman
R~*a rh~na Jordon and Gilbert
R~”a stellulata  Jordon and Gilbert

Class Osteichthyes
Subclass Teleostei
Order Salmoniformes
Family Osmeridae

$%aleichthgs  pacificus (Richardson)
Order Gadiformes
Family Gadidae

Gadus maeroc.ephalus Tilesius
M~crogadus prozhus (Girard)
l?%eragra chalcograma (Pallas)

Family Zoarcidae
@codes brev~pes Bean
Lgeodes palemwk GilberC

Order Scorpaeniformes
Family Scorpaenidae

Sebastes ahm%znus (Jordon and Everman)
Sebastes ah.itus (Gilbert)
Sebastes babcockt (Thompson)
Sebastes brev~sp~n~s  (Bean)
Sebastes entionezas (Jordon and Gilbert)
Sebastes flaviclus (Ayres)
Sebastes vdegatus Quast
SebastoZobus alascanus Bean

Family Hexagrammidae
O@iodon elongatus Girard

Family Anoplopomatidae
Anopbporna j%mbtia @allas]

Family Cobtidae
Dasycotitus set{ger Bean
Hem~Zep~dotus jorda~~ Bean
UZca bol~?i~ (Iiyers)

Family ASonidae
Agonus ac@ense~<nus Tilesius

Order Perciformes
Family Bathynasteridae
Bat@master s~pzatus Cope

Family Stichaeidae
Lumpenus sag~tta Wilimovsky

Order Pleuronectiformes
Family Pleuroneceidae
Atheresthes stonrias (Jordon and Gilbert)
G@ptocephah.@ zac?hiws Lockington
H@pogZosso&les elassodon Jordon and Gilbert
H~ppogZossus stetwlep~s Schmidt
.TSopsetta  ~so2ep~s (Lockington)
Lep~dopsetta b~l~neuta (Ayres)
tiewostomus pa&f~cus (LockingEon9
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Parophzys vetuhie Girard
Platichthg~ etellatus (Pallas)

Family Cryptacanthoclidae
DeZoZep~s g~gantea Kittlitz
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Table 12. The invertebrate phyla and the number and percentage of species
of each phylum collected by commercial trawl in the northeast
Gulf of Alaska (NEGOA)  on the M/V North Pacific. Collection
made May-August 1975.

Phylum Number of species % of species

Mollusca 47 28.0

Arthropoda (Crustacea) 42 25.0

Echinodermata 36 21.4

Annelida 30 17.8

Cnidaria

Brachiopoda

Chordata (Tunicata)

Ectoprocta

Porifera

TOTAL

6 3.6

3 1.8

2 1.2

1 0.6

1 0.6

168 100.0%
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Table 13. The number and percentage of
Arthropoda and Echinodermata
the northeast Gulf of Alaska
Collections made May-August,

species of subgroups of Mollusca,
collected by commercial trawl in
(NEGOA) on theM/V North Pacific.
1975.

Phylum Subgroup No. of Species % of Species

Mollusca Gastropoda (snails, nudibranchs)
Pelecypoda (clams, scallops)
Cephalopoda (ootopus, squid)
Polyplacophora (chitons)

Arthropoda

TOTAL

Decapoda (crabs, shrimp)
Thoracica  (barnacles)
Isopoda

TOTAL

Echinodennata Asteroidea (sea stars)
Ophiuroidea  (brittle stars)
Echinoidea  (sea urchins)
Holothuroidea (sea cucumbers)
Crinoidea (feather star)

24
18
4
1—

47

36
4
2—

42

24
5
3
3
1—

51.1
38.3
8.5
2.1

100. o%
85.7
9.5
4.8

100. o%

66.7
13.9
8.3
8.3
2.8

TOTAL

104

369

36 100.0%



dominated in species representation with 47 and 42 species taken respec-

tively. Molluscs were represented by 28 families; the Family Neptuneidae

was most common with Colus hall{, Ieptunea lyrata and Pyrulofusus  harpa

dominant. The greatest abundance of Neptunea Zyrata  was found at Station

89-A (Fig. 3; also see Annual Report for Demersal Resources) with 32.4 kg

(71 pounds) taken per hour. The gastropod AretomeZon steams<{, which is

considered rare in museum collections (Rice, 1973), was relatively common

at the Gulf of Alaska stations occupied. The scallop Peeten caur-inus was

generally present in the nearshore stations from Kayak Island to Icy Bay.

Station 83-E provided the largest total catch of scallops with 116 kg

(226 pounds) taken per hour. Among the decapod crustacean representatives,

the families Pandalidae, Crangonidae,  Paguridae and Majidae were most abundant.

CMonoei?etes  bairdi of the family Majidae normally comprised a considerable

portion of the invertebrate biomass, e.g. as much as 1342.8 kg (2960 pounds)

taken per hour. The pink shrimp PandaZus boreaZ{s also consistently made

up an important segment of the invertebrate biomass, e.g. as much as 167.7 kg

(370 pounds) taken per hour. The asteroids made up a conspicuous portion

of the echinoderm benthic fauna of the area under discussion.

The stations showed a considerable diversity of species (up to 22 species

at one station), and generally a small number of individuals of each species.

The sea star Ctenodiseus ctispatus was an abundant and widely distributed

sea star. The greatest density of this small asteroid (average weight of

10 grams) was found at stations 73-D and 80-B with 55 kg (121 pounds) and

5581 specimens taken per hour. This sea star was normally found on muddy

bottoms with its stomach full of mud. F?jcnopodia heZimthoides  was another

widely distributed sea star. One hundred and ninety (190) of these large
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sea stars (average weight of 0.453 kg or 1 pound) were taken at station 93-C.

Several of the stomachs of these sea stars were examined, and it was determined

that Ctenod~seus cpispatus and the brittle star Ophiura saPsi were the most

frequently occurring food items. Other food items of lesser importance used

by P. ?zeZZantlzo~des in order of diminishing frequence of occurrence are the

gastropod Cobs luzlli, Mitrella  gouZdi, SolarieZla obseura, Oenopota sp.,

and Nat~ca cZausa, and the pelecypods Se~tipes gpoenlandicus and CZ~nocaPd~um

c~l;atum.

Another dominant echinoderm in the trawl catch was the brittle star

Opk~urasars~. This echinoderm was found throughout much of the surveyed

area; it was most abundant at station 81-D. At the latter station, an

estimated 125,000 specimens (57.7 kg or 127 pounds) were taken in a one

hour drag.

c. Cod Stomach Contents

The dominant means of sampling fish stomachs was from king crab pots

during the 1972, 1973, and 1974 ADF&G King Crab-Snow Crab Indexing Studies.

During this time, 2019 Pacific cod were examined from a sample of 8302.

Cottids  and miscellaneous fish stomachs were also inventoried. For compari-

son of diets between trawl-caught and pot-caught cod, a sample of 59 Pacific

cod was obtained from the bottomfish trawl.

The diversity of the diet of the various fishes examined were identified

as belonging to nine phyla~ 14 classes, four orders, 19 families and 49 genera.

Molluscs, crustaceans and fishes were the dominant food of all fishes. All

phyla were arranged in phylogenetic  order according to Hyman (1949, 1951)

(Table 14).
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Table 14. Frequency and percent of occurrence of specific food items in stomachs of
Gadz+s maerocephazus  (Pacific cod) as related to Alaska Department of Fish
and Game Indexing Studies: 1972, 1973 and 1974. N=stomachs examined.

1972:N=147 1973:N=689 1974:N-1183
Food Items Number Percent Number Percent ‘Number Perter

Coelenterata
Hydrozoa (hydroids)
Anthozoa (anemones)

Molluscal
Amphineura (chitons) 1
Pelecypoda (clams, mussels, cockles)

Card~ta c~ass~dens
Cl~noeardhm sp.
Ghjajmetis subobsoleta
H~atella aret~ca
Macoma ezpznsa
Macoma sp.
MUSCU2US olivaceus
iVueuZa tenuLs
Nuculanu fossa
Panormja ompla
Pseph~d<a Zordi
Velutha velut~na
YoZd~a beringiana
YoZdia spp.
Unidentified 13

Gastropoda (snails)
Am@issa colwnbiana
Bueci%um sp.
@ Zichna alba
Fus$tr+ton Sp.
flatica aleutica
IVeptunea sp.
Polin-ices SP.
l?riehotrop~s cancellata

Turridae
Unidentified gastropod 5

Cephalopod
Octopus - squid 11

Annelida
Polychaeta

(segmented worms) 8

107

0.6

8.8

3.4

7.4

5.4

2
5

1
1
1
1
1
1
1
1
7
1
1
1
2
28
15

1
1
1
1
1
1
2
1
1
6

53

15

0.2
0.7

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
1.0
0.1
0.1
0.1
0.2
4.0
2.1

0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.1
0.8

7.6

2.1

3

1

1

1
1

43

6
27

2

1
1

26

109

63

0.3

0.1

0.1

0.1
0.1

3.6

0.6
2.3

0.2

0.1
0.1

2.2

9.2

5.3



Table 14. Continued

1972:N=147 1973:N=689 1974:N-1183
Food Items Number Percent Number Percent Number Percent

ArChropoda
Crustacea
Malacostraca

Euphausiacea (krill)
Isopoda (pill bugs)
Amphipoda (sand fleas)
Decapoda
Pandalidae (shrimp)
Crangonidae (shrimp)
Unidentified shrimp
Lithodidae (crabs)
Paral~thcdes eamtseh.ati~ca

Paguridae (hermit crabs)
Cancridae (crabs)

Cancer oregonms{s
Telmessus ehe&zgonus

Pinnotheridae (pea crabs)
Pinnixa occ~dental;s

Majidae (spider crabs)
G7rhnoecetes bairdi
l?~as ly~atus
Oregon~a g~ac~l;s

Unidentified crabs

Echinodermata
Asteroidea (starfish)
Echinoidea (sea urchins)
Holothuroidea (sea cucumbers)
Ophiuroidea

Chordata
Urochordata

Vertebrate

(brittle stars)

Osteichthyes
Clupeidae (herring)

Clupea  tiengus pallas~
Osmeridae (smelts)
Gadidae

The?agra ehalcogrcrmna
Gadus macrocephak.s

Zoarcidae (eelpouts)
Scorpaenidae (rockfish)
Cottidae  (sculpins)
Cyclopteridae (lumpsuckers)
P~eur~nectidae (flatfishes)

108

1

30

4
1
55

5

1

1

49

:
2

1

1

5

1
1
5

1

4

0.6

20.6

2.7
0.6
37.4

3.4

0.6

0.6

33.3
3.4
2.7
1.3

0.6

0.6

20
3
192

67
77
131

2
24

4
1

5

281
13

12

1
1
2

1.7

0.6
0.6
3.4

0.6

2.7

6
3

7
12
29
1
8
1
22

3’73

2.9
0.4
27.8

9*7
11.1
19.0

0.2
3.4

0.5
0.1

0.7

40.7
1.8

1.7

0.l
0.1
0.2

0.8
0.4

1.0

::;
0.1
1.1
0.1
3.1

34
4
195

118
95
82

9
21

1

36

428
44
3
3

2

5
3

1
2

13
32
9
1
27
1
21

2.9
0.3
16.5

10.0
8.0
6.9

0.8
1.8

0.1

3.0

36.2
3.7
0.3
0.3

0.2

0.4
0.3

0.1
0.2

0.9
2.7
0.8
0.1
2.3
0.1
1.8



Table 14. Continued

1972:N=147 1973:N=689 1974:N-1183
Food Items Number Percent Number Percent Number Perce

Vertebrate
Osteichthyes

Ammodytidae (sand lance)
Ammodgtes hexaptmus 20 2.9 20

Stichaeidae  (pricklebacks) 14 2.0 -
Crypacanthodidae (wrymouth)
Lyconectes aleutens~s 4 2.7 9 1.3 4

Unidentified fish 22 14.9 256 37.1 476

Stomachs empty 6 4.0 39 7.6 59

1
All mollusc identifications were verified by Mr. Rae Baxter, Alaska Department
and Game, Box 96, Bethel, Alaska.

1.7

0.3

40.2

5.0

of Fish
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To determine the frequency of occurrence of food items, the number of

individual samples were recorded in which each kind of food item was found.

The

ing

M/V

results have been expressed as the number and percent of stomachs contain-

various food items from the total number of stomachs analyzed.

During the 1972 Indexing Charter, 135 stations were fished by the

I%ggy Jo; 1326 cod were landed, and 147 were examined. Food items which

occurred most frequently in this sample were shrimp, snow crabs, amphipods

and unidentifiable fish (Table 14).

While fishing at 236 stations in 1973, 1833 cod were caught of which

689 were examined.

In 1974, 172 stations yielded 5143 cod of which 1183 were examined.

In order of decreasing importance, snow crabs, fishes, amphipods,

and shrimp were the organisms most frequently occurring in cod stomachs

(Table 14). Molluscs were commonly found in stomachs. Identification of

molluscs were made to genus and species in 1973 and 1974. The number of

genera that were identified as pelecypods and gastropod was 12 and 8

respectively.

Although polychaetes were not an abundant food item, their percentage

of occurrence declined by one-half in 1973.

Crustaceans were unquestionably a major food of codfish. Euphausids

and amphipods increased in frequency of occurrence in 1973. During this

year more shrimp were identified to the families Pandalidae  and Crangonidae

yielding a decline in the percentage of unidentified shrimp.

Crabs such as the king crab, ParaZithodes cwntschut$ca, and crabs belong-

ing to the families Cancridae and Pinnotheridae  were an uncommon article of

food of the Pacific cod. Of the crabs belonging to the family Majidae,

only the snow crab Ch~onoecetes ba~rd~ was frequently consumed.
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Eleven families of fishes were represented in cod stomach contents.

Among the fishes, eelpouts (Zoarcidae) and flatfishes (Pleuronectidae)

were the

and 1974

All

per unit

most abundant. Fishes which remained unidentified in 1972, 1973

ranked highest at 14.9, 37.1 and 40.2 percent respectively.

cod were caught between 11 and 230 meters with the highest catch

of effort occurring between 191 to 210 meters. The general trend

was for cod to increase in size with increasing depth. The depths between

65 to 82 meters was most heavily fished with the deeper water, 191 to 210

meters, receiving the least effort.

Because the 1973 and 1974 Indexing Charter resulted in the most exten-

sive data, special attention has been focused on these data. Codfish were

divided

and the

group.

into three size groups (30 to 49 cm, 50 to 69 cm, and 70 to 89 cm)

percentage of occurrence of food items were enumerated within each

Feeding trends which are characteristic of most gadiformes were

found here. Fishes, echinoderms, crabs, shrimps, molluscs, cephalopods,

and empty stomachs increased in frequency per stomach with increasing cod

size. Euphausids and amphipods decreased in percentage of occurrence with

increasing fish size. Isopods and annelids showed little change with cod

size.

The trawl-caught cod yielded some interesting results. Nematodes were

often found in the lower region of the stomach, yet noe always recorded in

pot-caught cod. The fact that nematodes were often located at the junction

of the stomach and intestine made recognition difficult upon evisceration.

Also due to the fact that nematodes are parasites, the examiners did not

deem them worthwhile to record.
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The fifty-nine cod stomachs which were obtained by the R/V John fl. Cobb

south of Kodiak Island were closely examined for the presence of nematodes.

All fifty-nine stomachs contained from three to twelve nematodes per

stomach. This small sample with 100 percent infestation may indicate some

degree of parasitism in Gadu.s mawoeephahs.

While the degree of infestation of nematodes was high in the R/V John

IV. Cobb sample, amphipods were only present in 5 percent of the cod examined.

Paulsen (1918) reports that amphipods are often the primary host of nematodes.

It is assumed that infestation of cod occurs when cod are

more intensively on amphipods.

Among the organisms which increased in percentage of

trawl-caught cod were octopus and shrimp. Amphipods were

smaller and feeding

occurrence in

the outstanding

food item which declined in trawl-caught cod. The item in which the per-

centage of occurrence remained similar to pot-caught cod was the snow crab

C?aionoeeetes  ba;rdi.

VII . DISCUSSION

A. Performance of the 0.1 m2 van Veen Grab

The van Veen grab was a suitable instrument for sampling the soft sedi-

ments characteristic of the shallow shelf of the Gulf of Alaska; the grab

typically collected large volumes of sediment. Voh.uaea of 12 to 18 !? are

indicative that the instrument is penetrating the surface sufficiently to

obtain a good proportion of the infauna. Lie (1963) indicates that 1 cm

penetration of the 0.1 m2 van Veen grab will collec~ 1 ~ of sediment, and

states that a digging depth of at least 4 cm should be attained to assure

a good representation of the fauna. He was able to accomplish this on all

muddy bottoms; a situation that was also true for our grab sampling activities
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in the Gulf of Alaska. Sufficient penetration occurred on all of our stations

except three -- station 30, with sandy bottom , and stations 26 and 29, with

sand-gravel bottoms. The compact nature of the sediment at the former

station resulted in 1 to 2 E samples on several tries in the July 1974 cruise

(cruise 193), and the station was ultimately abandoned with only 1 grab re-

tained for qualitative analysis. Further sampling at this station in February

1975 resulted in somewhat larger samples, but most of the grab volumes were

not over 3 2. Six replicates were taken at this time. The replicability  of

species composition and numbers at each grab suggest that station 30 will

be useful for quantitative analysis despite the small volumes taken at each

grab. Most certainly station 30 will be valuable for species composition

assessment over a time course (see Feder and Mueller, 1975; data on magnetic

tape for current year of investigation).

B. Number of Grab Samples Per Station

One of the primary objectives of the first year of study concerned a

qualitative inventory and census of dominant species. In view of projected

limited ship time, it was decided to restrict the number of replicate samples

to three to ensure maximum coverage of the study area. Three replicates

were adequate to sample the most abundant species in similar soft sediments

in Port Valdez, recruitment of numbers of individuals in subsequent samples

represented members of less abundant species (Feder et’ az., 1973). The

general applicability of the Port Valdez analysis to the Gulf of Alaska was

tested in the second year by taking 8 to 10 replicates at a variable number

of selected stations. This data is to be analyzed by the grab-sampling simu-

lation program developed by Feder et aZ. (1973). In addition, replicates

at each station will be examined for variance about

113 :~y~

mean values (numbers



of individuals of each species) as a further check

needed to describe a station. The latter check is

patchiness of the fauna detected at most stations.

on the number of replicates

essential in view of the

This analysis will be

presented in the Final Report for the 1975-76 contract period.

Five replicate samples per station have been suggested by Longhurst

(1964) and Lie (1968) and further corroborated by the investigations of

Feder et az. (1973). Thus, initiation of five grabs per station was begun

on the cruise of May, 1975; this number of replicates was taken on all

subsequent cruises , and will be continued until analysis of optimum replicate

values is completed this year.

c. Station Coverage

The intensive grab-sampling program

Yakatat Bay to Resurrection Bay and from

now in progress over the shelf from

lower Cook Inlet to Unamak Pass is

the most comprehensive one carried out by an American research group to date.

A somewhat parallel study by the Soviet Union, extending from the southern

terminus of the Kenai Peninsula to Cape Spencer,

period for comparative purposes (Semenov, 1965).

is broad, the bases for calculations used by the

data -- number of replicate samples per station,

is available from an earlier

Although the latter study

author (i.e. the station

the species taken per

replicate, the number of individuals

and the biomass for each species per

quantitative comparisons will not be

of each species taken per replicate,

replicate) are lacking. Thus, precise

possible. Preliminary review of

Semenov (1965) and other published work from the Gulf of Alaska will ultimately

be available at the cnd of the next study year (Feder, 1975). Specific benthic

data for a restricted area around two potential oil-drilling sites are avail-

able in Bakus and Chamberlain (1975).
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Since grab station coverage was

time, weather conditions, and sample

it is recognized that vast unsampled

only as intensive as allotted ship

workup in the laboratory would permit,

areas exist in the study areas. It

is possible that some unsampled regions support significant populations

of hitherto uncollected benthic species, but our experience of the past

two years in the Gulf suggests that most , if not all, of the common infaunal

species may have been taken at the occupied stations (based on qualitative

assessment of Appendix Table 111 in Feder and Mueller, 1975 and current

yearts data on magnetic tape). Nevertheless, additional stations will be

occupied whenever ship time and weather permit. Additional coverage was

accomplished with two new stations (68 and 69) established off Montague

Island and stations 37, 60, 61, 62, 63 occupied.

The trawl program permitted further coverage of

made it possible to collect the more motile, as well

the lease area, and

as the larger, epifaunal

species. The integrated trawl program (demersal fish, benthic invertebrates,

fish stomach analysis, meristic analysis of fish species, trace metal, and

hydrocarbon programs) represents a significant supplement to the data

collected in early the first year by way of grab samples only, and should

broaden the data base ultimately to be used to understand the shelf ecosystem.’

The major limitations of the survey were those

of the other trawl used, and the seasonal movements

Otter trawls of the type used can be fished only on

that are free. Thus, rocky-bottom areas were never

imposed by

of certain

relatively

sampled.

the selectivity

species taken.

smooth bottom

It is impossible to return all invertebrates to the laboratory for

verification, therefore, it is difficult to get total numbers and weights of

every species found especially those species that are very similar. However,
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by careful development of conversion factors in the laboratory, it has been

possible to make total numbers and weights available for all stations occupied.

The intensity of the demersal fish program, the necessary on-board lower

priority given to invertebrate weighing and counting activities, and the

multiple role occupied by the benthic biologist on the vessel (i.e. identify,

count, weigh as many invertebrates

cooperation with the biologists of

of fishes for stomach and meristic

as possible per station, collect -- in

the demersal  fish program -- many species

analyses, sample specific species for

both the hydrocarbon and trace metal programs) made it difficult for him to

do much more than collect species distribution and density data. Weight data

were obtained, but this was initially spotty and only accomplished on a time-

as-available basis (Appendix Table VIII in Feder and Mueller, 1975, and

Appendix Table III). Little effort (in fact little time was available) was

devoted to collection of sizable invertebrate samples for recruitment,

growth age and feeding studies. It should be emphasized that support of a

demersal fish trawling program is essential if a total, integrated understand-

ing of the trophic-dynamics of the benthos is to be gained. Lack of additional

trawl time will distinctly narrow the scope of the overall benthic program,

and

D.

and

the

will hamper the development of an offshore monitoring plan.

Species Composition of the Stations

Species have been added in the second year by way of additional field

laboratory activity. The general distribution of benthic species in

projected lease area is now well documented (present investigation and

Semenov, 1965) (see Feder and Mueller, 1975 Appendix Tables I, 11, III, VII,

and VIII, and data on magnetic tape from the current year of investigation).

A variety of infaunal groups contribute to the biomass at stations sampled
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by grab (Appendix Table V in Feder and Mueller, 1975 and current data on

magnetic tape). Members of the major marine phyla were collected in both

investigations. Polychaetous annelids were the most important infaunal group

collected by the grab-sampling program (Table 3 and Appendix Table IV in

Feder and Mueller, 1975; current data on magnetic tape); similar results are

also reported for Port Valdez, Prince William Sound (an embayment of the Gulf

of Alaska with similar fine sediments in its fjords and bays) (Feder et at.,

1973) . The molluscs and crustaceans were the major epifaunal invertebrate

groups taken by trawl in our investigation. Sizable biomasses of echinoderms,

especially sea stars, were typical of most of the trawl station samples, and

many of the species were sufficiently abundant to represent suitable organisms

for in-depth investigations of their biology. Availability of sufficient

numbers of the latter types of organisms are a preliminary requirement for

development of satisfactory monitoring schemes and acquisition of suitable

predictive capabilities for stressed benthic systems.

Qualitative examination of the species composition at various grab

stations by way of such listings as are included in the Results section

of Feder and Mueller (1975) and data on magnetic tape for this year’s program

suggests distinct regional differences in species and biomass. However, widely

dispersed or ubiquitous species are also apparent. Perhaps one of the obvious

features of most stations is the patchiness of the infauna. Examination

of infaunal  species composition at stations occupied on separate sampling

dates (e.g. stations 42, 44, 50, 52, and 55) indicates species common to

each series of grabs, but also demonstrates omissions or addition of certain

species on the two dates. As suggested in the section entitled, Number of

Grab Samples Per Station, some of this patchiness of station variance will

be damped out with more intensive sampling at each station. In addition,
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utilization of quantitative techniques to demonstrate the presence of

species aggregates during the past year have already clarified some station

differences; such an approach is to be pursued further during the balance

of the year (see Feder et az., 1973 for use of a Cluster Analysis technique to

delineate groups of benthic species in Port Valdez) , and is further discussed

below.

E. Diversity Indices

It is generally accepted that an altered environment will result in

changes in numbers of species and the population densities of these species

(Pearson eta~., 1967). Thus, examination of species diversity can often

serve as a basis for comparison in the future. In order to avoid subjec-

tive appraisal, a quantitative measure of diversity must be used. Such a

measure should typically consider the number of species present, as well as

the density of each species. Various diversity indices are available and

at least two different types should be used to give the greatest insight

into the faunal conditions present (Lloyd et aZ., 1968). The indices in-

cluded in this report, are complementary since the Simpson Index reflects

dominance of a few species and the Shannon and Brillouin  indices are weighted

in favor of rare species. Values included in this report tend to reflect

these weighings. However, the calculated indices should be interpreted

with caution, and no comparisons made until more data is available for

each station:  Although in most cases, samples taken at stations on separate

occasions have approximately the same indices for the sampling periods,

there are exceptions. Presumably differences in indices with time reflect

the general problem of patchiness of infauna; however, the possibility of

changes in species composition over the sampling time period cannot be

118



overlooked. An in depth interpretation of diversity and evenness values

calculated from Gulf stations will be included in the Final Report for

1975-1976.

F. Biologically Important Taxa

As suggested by Lie (1968), “Most animal communities are so complex

and rich in species that it is necessary to make a choice of the species

that supposedly are most important to the communities and subject them to

detailed analysis”. Such

species” (Thorson, 1957),

1969) .

in this

The criteria used

investigation for

species have been variously termed lfcharacterizing

and “ecologically significant specieslt (Ellis,

for selection of such species vary; criteria used

distinguishing infaunal taxa of biological impor-

tance are listed in the section on Methods. See Appendix Table 11 for com-

pilation of all of the species designated as Biologically Important, and

Feder et az. (1973) for further discussion on the application of this concept

to species in Port Valdez.

The initial printout of taxa of biological importance is a large one.

Additional assessment of this list may prGve necessary in order to pare

the number of taxa to a size that will be workable in computations essential

to quantitative assessment of species groupings at benthic stations. Never-

theless, itis apparent that a large number of species occupying diverse

ecological niches are available to monitor once industrial activity in

the Gulf becomes a reality.

G. Feeding Methods

Initial information was presented by Feder and Mueller (1975) for the

feeding methods used by the majority of the infaunal  species collected. This
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information is basically a literature compilation, but some unpublished

data are included as well. The fact that most of the food data presented

in Appendix Table VI in the above report is based on literature extra-

polations from related species or the same species from other areas em-

phasizes the paucity of data on the feeding biology of Gulf fauna. This

lack of basic data also dictates the urgency of immediate support of food

studies and experimental work on selected species from the benthos and

elsewhere in the waters of the Gulf.

Some insights into feeding biology can be gleaned from food analyses

on collected and presently archived

should be paid to brittle stars and

density in some areas (see Appendix

grab material. Particular attention

sea stars, two taxa occurring in great

Table VIII in Feder and Mueller, 1975

and data on magnetic tape for current project).

Two other echinoderm species of considerable i~terest are the sea star

Ctenod~seus  crispatus and the large sea cucumber MoZpadia SP. Both of these

species are non-selective deposit feeders, and pass large amounts of unsorted

bottom material through their digestive tracts. The former species ingests

surface deposits, but the latter species is continually reworking deeper

deposits. Thus, both species are probably important in their particular

areas in terms of recycling nutrients and petroleum hydrocarbons that might

otherwise be trapped in the sediments.

In a bottom trawling survey of the northeast Gulf of Alaska, Hitz and

Rathjen (1965), reports that the deposit-feeding heart urchin, Bz%saster

townsend{ accounted for about 50 percent of the invertebrate catch, i.e. as

high as 534 kg (1177 pounds) per hour. Btisaster towzsend< that were collected

by the M/V North Pac~fie was also found in the same areas as reported by

Hitz and Rathjen  (1965), i.e. in Kayak Canyon, Icy Canyon and in particular
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Yakutat Canyon. Station 97-C yielded the largest catch of this urchin

at 212.7 kg (469 pounds) per hour or 21,272 urchins per hour. As a canyon

dweller they can take fullest advantage of deposit feeding by living in

an area where food particles are more readily carried and deposited by

prevailing currents.

Some preliminary information on feeding habits of fishes was obtained

in the trawl survey on the M/V North Paeifie at several stations. Stations

94-A and 94-B (Fig. 3) were noteworthy for their large abundance of two

species of fishes and the near-absence of invertebrate; this was especially

true for the latter station. The starry flounder, Plat<clzthys  stellatv~,

dominated these two stations with 94-B yielding 3549 kg (7824 pounds) of

these fishes per hour (average weights 2 kg). Preliminary examination of

stomach contents in P. steZZatus  revealed three larnellibranchs, YoZdta

sem~nuda, %liqua sloat~ and Maeoma sp. Lamellibranchs were the only food

item found in the 35 stomachs examined. All stomachs were full. There appears

to be a definite seasonal trend in feeding intensity for PZatieh@hs stezzatus

(Miller, MS 1965). Around January (month of the lowest bottom temperature)

feeding stops and does not begin again until about June. The fullness of

the stomachs of the starry flounder on 3 June in the Gulf of Alaska may be

evidence of a recently terminated fasting period. In view of the large

population of this potentially important commercial species that feeds

predominantly on clams (Orcutt, 1950; Miller, MS, 1965; our study for the

Gulf of Alaska) in the vicinity of stations 94-A and 94-B, it seems reasonable

that the areas in the vicinity of these stations with their abundant clam

populations might play a vital role in the trophic dynamics of P. ste22atus.

A second species of interest was the large catch of juvenile (approx-

imately 10 cm long) Walleye Pollock, Theragra chaZcograma. Station 94-B



yielded approximately 544 kg (1199 pounds) per hour. Thus, this area

may be ecologically important in terms of supporting another potentially

commercial species or as a developmental area for a species which is known

to be an important trophic link in the North Pacific (Chang, 1974; Kamba,

1974; Takashi and Yamaguchi, 1972).

The data from station 74-C is also of considerable interest. At this

station was wide diversity of invertebrates and a high abundance of Pacific

Halibut, fiippoglossus stenolepis. Of the 47 species of invertebrates that

were found, 85% of the species were Molluscs  (13 species), Crustaceans (14

species) and echinoderms (13 species). The biomass of the ascidian, Haloc-ynthia

aurantium,  was 419.8 kg (925 pounds) per hour. The halibut occurred at the

rate of 1398.8 kg (3084 pounds) per hour. Each fish average 18.5 kg or

41 pounds. Regrettably, stomachs were not obtained at this station so it

is not known what organism(s) they are feeding on.

H. Food Habits of the Cod

Preliminary analysis indicated that the relative importance of various

items of food changed with size of cod.

The principal food group for cod at all sizes were fishes, crustaceans,

and molluscs. There were some small quantities (less than 10% of the total

occurrence) of coelenterates (= cnidarians) , annelids, euphausids,  isopods

and echinoderms.

This study has resulted in findings similar to other studies on gadi-

formes, i.e., fishes are less likely to occur in abundance as food in small

cod and as the cod size increases so does its diet toward fishes. During

the 1973 and 1974 ADF&G Indexing Study, the frequency of occurrence of fish



in 30-49 cm cod was 32 percent. At 50-69 cm length, the percentage of occur-

rence had risen to 54 and finally the frequency in the 70-89 cm cod size

was 65. Clearly this shows that as cod increases in size, its need for food

must be met in the most efficient way, i.e., larger organisms rather than

a large quantity of smaller organisms.

Larger crustaceans of crab and shrimp increased as a food item in

the same manner as fishes. Although the percentage of occurrence of shrimp

increased with increasing cod size, the percent increase from the smallest

size, 30-49 cm, to the largest size, 70-89 cm, was less than 10 percent.

Similarly, the percentage of occurrence increased in crabs from 50-69 cm

to 70-89 cm at less than three percent. The greatest increase in percentage

of occurrence of crabs as a food item is seen from the smallest size, 30-49

cm, to the intermediate size group of 50-69 cm. Here is found an increase

from 39 to 49 percent respectively. The commercially important crab,

Chionoeeetes baipdi was by far an important food item for the cod.

Smaller crustaceans such as euphausids, isopods and especially amphipods

decreased in percentage of occurrence with increasing cod size. Only nine

cod stomachs out of 192, at the 70-89 cm size group, contained amphipods

as opposed to 207 stomachs out of 537 at the 30-49 cm size group.

Upon examining 1500 haddock from Georges  Bank, Clapp (1912) found

68 species of molluscs. During the 1973 and 1974 indexing study many

species of molluscs were also found such as the pelecypods YoZdia spp.

and Nueul.ana f’ossa. These two genera are remarkably similar in size and

appearance. All summers also yielded relatively high percentage of occur-

rence of octopus. Generally, the octopus itself had been digested completely

and the beak was

squid beaks were

the only identifiable part which remained. Occasionally

found.
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In comparison of food between cod, sculpins and miscellaneous fishes

(Jewett, unpublished data), it can be generally stated that the cod is the

most voracious species. It is interesting to note that cod and cottids

are cannibalistic, i.e., among foodfish they feed occasionally upon their

own kind. Sculpins  were also found to seek out non-commercial crabs more

frequently than did cod or other miscellaneous fishes. Numerous species

of molluscs were also found

1973-1974 sample. The food

sculpins were amphipods and

Information pertaining

in bullhead stomachs as well as cod from the

items which were found to be most frequent in

secondly crabs, chiefly C. ba{~d{.

to food of miscellaneous fishes was difficult

to assess. Fishes seemed to be dominant forage item. However, often as

fish

part

food

were ascending in the pots and while on the deck, they would regurgitate

or all of their stomach contents thus

items.

Upon analysis of food with regards to

making it difficult to enumerate

sex, Homans and Vladykov (1954)

reported there was no significant difference in the feeding rate between

sexes of haddock on the offshore Nova Scotian banks. Also observations by

Wigley (1956) of several hundred haddock from Georges Bank did not disclose

any obvious differences between sexes in stomach-content volume. Powles

(1958) found no appreciable difference between the diets of small male and

female cod (Gadus caZZaztias L.). Wigley and Theroux (1965) also arrived

at the same conclusions, that there were no statistically significant dif-

ferences between sexes in stomach-content weight of haddock. Similarity,

data of the present study also did

in feeding habits between sexes of

not lend itself to any

Gadus macrocephaZus.

major differences
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I. Computerized Data Output

The major goals set for data management have been achieved. All infaunal

taxa were given a code number according to the 10 digit VIMS code (Mueller,

1975; Swartz et al., 1972), data for all species from the July, October,

November, February, and May cruises have been key punched, a printout has

been generated that lists all species, and an additional printout with all

available data on numbers and weights of collected species has been generated.

The speed necessary to complete the OCS Annual Report deadline resulted in

some minor errors in the final computer printout, but these errors do not

retract from the value of the printout as a

J. Cluster Analysis

While it should

cluster analyses are

of Grab Data

be emphasized that the

based on an incomplete

preliminary document.

results of the preliminary

coverage of the study area,

and have not been subjected to intense scrutiny as yet, certain trends can

be discerned. First, there is a fairly close similarity between the

station groups formed using three different classification schemes (Figs.

44, 48, and 50). In each of these cases, three basic groups are distin-

guished; Group I which is characterized by a group of stations primarily

south of Prince William Sound, Group II, generally a pair of stations close

to shore, and Group III, stations

we progress from a classification

average linkage sorting (Figs. 43

ficient, single linkage (Figs. 47

which are at or near the shelf break. As

scheme using the S4rensen coefficient and

and 44) through one using the Motyka coef-

and 48) to one using the Motyka coefficient

using average linkage sorting (Figs. 49 and 50) there is an increase in the

sensitivity of the classification as well as rearrangement of the station
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groups. For example, station 57 is included in Group III in the S4rensen,

average linkage classification (Figs. 43 and 44) but splits out of this

group arid doesn~t  cluster in the other two classifications (Figs. 48 and 50).

Examination of the species which characterize this station (Table 10)

indicate that there are distincc differences between it and the stations

in Group III and it appears to occupy a transition area between Group I

and Group 111. In addition, the Motyka, average linkage classification,

(Fig. 50) spilts Group I of the Stirensen, average linkage classification

(Fig. 44) and the Motyka single linkage classification,

groups, I and V.

An examination of the two way coincidence table of

(Fig. 48) into

station groups

the

us

species groups determined by normal and inverse analysis using the Motyka

coefficient and, average linkage sorting (Table 10) indicates that:

1, Station Group III, which is composed of 4 stations near the shelf

break (Fig. 48) is characterized by large number of individuals

in species Group I (Table 10) and species Group V (Table 10).

2. Station Group IV (station 57)appears to be characterized by species

Groups II and IV (Table 10). Station 57 contains many species in

common with station Group III (shelf break stations) and station

Groups I and V which form a clump of stations just south of Prince

William Sound. However, those species that characterize station

Group 111 (i.e. species Group 1) are found in smaller numbers in

station 57. This may indicate that they are existing near the

limits of their environmental tolerances.

3. Species in species Groups I, 11, III and IV are almost exclusively

restricted to station Groups III and IV which obviously indicates
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.

4.

5.

that there are some favorable conditions existing at these stations

not present elsewhere; thereby, enabling these species to become

more abundant in these areas.

Stations Group

species Groups

Groups I and V

contains fewer

Groups VI, VII

II is characterized primarily by high numbers of

IV and V. Station Group 11 is similar to station

except that station Group 11 (station 41 and 42)

species and individuals per species in

and VIII.

The primary difference between station Groups I and V

species

(which overlap

geographically) appears to be

species and fewer individuals

through VIII.

As a result of weather conditions

that station Group V contains fewer

per species in species Groups IV

and the unsuitability of R/V Aeonu

for grab sampling in the Gulf of Alaska , samples taken over the period

July 1974 through February 1975 had to be pooled to increase coverage of

the study area for purposes of analysis. Thus, several stations (i.e. 42,

44, 50, 52, and 55) included in the cluster analyses were sampled at two

different periods of time. These stations often did not cluster together

(Figs. 49 and 50), either due to temporal variations in the species assem-

blages or inadequate sampling of the station. Results of the grab simu-

lation program (see Feder et az., 1973) and calculation of confidence

limits for 10 grab samples (to be available at the end of the project period),

should provide some insight into the sampling variance. Hailstone (1972)

quoted in Stephenson et az. (1972) surveyed the sublittoral fauna at the

mouth of the Brisbane River at monthly intervals and delineated site groups

and species groups through classification and two way coincidence tables.
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Hailstone found that both site groups and species group changed from month

to month. Williams and Stephenson (1973) developed a method for analyzing

three dimensional matrices (sites x species x times). Since their matrices

were based on an analysis of variance model, they were able to partition the

variance into that due to site/species, times/species and sites/times inter-

actions. This allowed them to give relative “importance” values to the

matrices of site/species, times/species, and sites/times as well as being

able to classify these interactions by cluster analysis (see Clifford and

Stephenson, 1975; Stephenson et aZ., 1972 for a discussion of this method).

Such an approach is planned for the available grab data, and preliminary

analysis may be available at the end of the project period.

Pollutants were recorded on the first two legs of the M/V North Pacific

cruise which covered an area from Montague Island to Yakutat  Bay. Thirty-

three (33) stations out of 58 (57%) contained trash which consisted pri-

marily of plastic materials such as brown and green trash bags, pieces

of clear plastic (bait wrappers), and plastic straps which are used as a

binding material. Numerous plastics had Japanese or Korean identification

on them. A variety of other pollutants consisted of tarred paper, bottles,

a steel cable, rubber gloves, a rubber tire and two derelict snow crab pots.

This high frequency of occurrence of pollutants within the surveyed area may

give some feeling to the amount of pollution throughout the North Pacific.

VIII. CONCLUSIONS

Forty-two widely dispersed permanent stations have been established in

the northeastern Gulf in conjunction with the physical, chemical, heavy metals
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and hydrocarbon programs. These stations represent a reasonable nucleus

around which a monitoring program can be developed.

Twenty-nine widely dispersed stations were established in the north-

western Gulf in conjunction with other programs there. Although sub-

strate characteristics (e.g. compact sand, gravel, rock) of this part of

the shelf of the Gulf made it impossible to occupy all planned stations

and difficult to quantitatively occupy

ficient information was obtained about

us to plan a monitoring program there.

many of the stations sampled, suf-

the bottom and the fauna to enable

However, further sampling with

other types of gear is definitely indicated in the northwestern Gulf to

finalize such a monitoring program.

The sampling device chosen, the van Veen grab, functioned effectively,

in all weather and adequately sampled the infauna at most stations in the

northeastern Gulf. Penetration was excellent in the soft sediments charac-

teristic of the majority of stations; poor penetration occurred at a few

stations where substratum was sandy or gravelly. Problems concerned with

sampling in the northwest Gulf are considered above.

General patchiness of many components of the fauna at the quantitative

stations suggests that at least five replicates be taken per station. Quant-

itative field testing for the optimum number of replicates per station has

been accomplished; these samples are being processed at the Marine Sorting

Center.

There is now a satisfactory feeling, on a station basis for grab data,

for invertebrate species (infauna and epifauna) present and general species

distribution on the shelf in the northeast Gulf study area. Three hundred

and eleven (311) species have been identified to date. Fourteen marine



phyla are represented in the collections. The important groups, in terms

of species, in descending order of importance are the polychaetous annelids,

molluscs,  arthropod crustaceans, and echinoderms. It is probable that all

species with numerical and biomass importance have been collected by way of

the intensive sampling schedule of the past two years and that only rare

species will be added to the list in the future.

Little data is currently available to test for seasonal fluctuations

in species by station*, no comments can be made at this time. Insufficient

ship time was a contributing factor to the inability to occupy stations

seasonally.

The diversity indices included in this report, Simpson, Brillouin, and

Shannon are complementary to each other since the former reflects dominance

of a few species and the latter two are weighted in favor of rare species.

Values calculated in this report, in general, reflect these weighings. A

preliminary

indicates a

In general,

examination of the two measures of evenness (or equitability)

reasonable relationship to the calculated diversity values.

as examination of Table 3 indicates, high measures of evenness

show numerical codominance of many species (with low Simpson index and

high Shannon and Brillouin  indices) while low evenness measures imply marked

dominance of a few species (high Simpson index and low Shannon and Brillouin

indices). All of these indices and measures must still be interpretedwith

considerable caution until more data is available, and further detailed

assessment of the meaning of the calculated values can be made.

Criteria established for Biologically Important Taxa (BIT) for the

grab data have delineated 95 species.

to detailed analysis in an attempt to
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comprehend station species aggrega-
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tions or communities. Representative members of the BIT will be the

organisms most intensively studied for their general biology.

Most

that

time

Information on feeding biology of most species has been compiled.

of this information is from literature source material; it is suggested

experimental work on feeding biology for selected species be encouraged.

Although all of the station data has not been available up to the

of this report and the results of the various types of cluster analysis

presented have not as yet been examined in depth, clustering techniques

have supplied us with valuable preliminary insights into species distribu-

tions on the shelf of the Gulf of Alaska. Using more complete data sets

in future calculations should clarify the ecological positions of some of

the stations not clustering with other stations on the shelf. The prelimin-

ary grouping of stations by three different classification schemes has

delineated three basic clusters -- Group I, which is characterized by a

group of stations south of Prince William Sound; Group II, which generally

consists of a pair of stations close to shore; and Group III, composed of

stations that are at or near the shelf break. Further insight into the

meaning of stations clustered by our analysis is gained by means of the

two-way coincidence table of station groups vs species groups. Specific

groupings of species can be related to station clusters, and intermediate

positions of stations (or clusters) can be determined by the particular

groupings of species they have in common.

The joint National Marine Fisheries Service trawl charter for investi-

gation of demersal fishes and epifaunal  benthos was effective and maximum

spatial coverage was achieved. Integration of this information with the

infaunal benthic data will enhance our understanding of the shelf ecosystem.
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To date the NEGOA study represents the first intensive taxonomic study

of epibenthic  invertebrates in the Gulf of Alaska. Although this is not

the only data base for epifaunal invertebrates of the Gulf (Hitz and Rathjen,

1965), our work does result in more thorough and more complete numerical

and weight determinations.

Preliminary analysis of the data indicates that the commercially im-

portant crab, C?zionoeeetes bairdi clearly dominates the invertebrate biomass.

Further, stomach analysis of the Pacific cod Gadus macroeeplzaZus  on the

Kodiak shelf area, reveals that C. bairdi is a dominant food item. Here we

find a non-commercial species which has potential commercial importance,

preying intensively on a species of great commercial significance.

In conclusion, it can be stated that sampling by means of grabs, trawls

and/or dredges as well as stomach analysis of demersal fishes is necessary

in order to fully comprehend trophic  interactions in the benthic environment

in the North Pacific.

Initial qualitative assessment of data

magnetic tape at the National Environmental

(1) sufficient station uniqueness exists to

printouts (to be stored on

Data Center) indicates that

permit development of an adequate

monitoring program based on species composition at selected stations and

(2) adequate numbers of unique, abundant and/or large species are available

to ultimately permit nomination of likely monitoring candidates.

1. Although

characteristic of

IX. NEEDS FOR

the van Veen grab

the shallow shelf

FURTHER STUDY

is satisfactory for the soft sediments

of the northeastern portion of the

Gulf of Alaska, it is not the instrument of choice for the shelf of the



northwestern

a variety of

2. The

Gulf . Additional sampling in the latter area is

sampling devices must be tested to determine the

number of grab stations occupied was dictated by

indicated;

optimum device.

available ship-

time and funding essential to complete processing of the samples. Thus ,

a relatively small number of stations were occupied on the extensive shelf

of the Gulf. It is possible that some areas of significant biological im-

portance were omitted. Additional stations should be occupied in the future

to develop some baseline data for some of the larger unsampled areas.

3. All samples taken on a semi-seasonal basis in the northeast Gulf

should be processed, and all data made available to the general program

of study of the benthic stations

samples will make

benthic infauna.

4. Selected

it possible to

members of the

be chosen for intensive study as

for the area. Analysis of all archived

develop better feelings for seasonality of

Biologically Important Taxa (BIT) should

soon as possible so that basic information

will be available to a monitoring program. Specific biological parameters

that should be examined are reproduction, recruitment, growth, age, feeding

biology, and trophic interactions with other invertebrates and vertebrates.

5. The advantage of the cluster analysis technique is that it provides

a method for delineating station groups that can be used as a basis for

developing monitoring schemes,and delimiting areas that can be used for

intensive studies of food-web interactions. It is obvious that food webs

will vary in areas encompassing differing species assemblages. An inaccurate

or even erroneous description of the shelf ecosystem could occur if trophic

data collected on species from one station cluster (with its complement of

species) is loosely applied to another area encompassing a totally different

:< ~+&
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station cluster (with its differing complement of species). Thus, con-

tinuing development of clustering and other multivariate techniques should

be pursued to refine methods to be certain the best methodology is available

to the projected offshore monitoring program.

6. It appears that the temporal change in species groups at stations

will lead to confusion in the interpretation of station groups if stations

are always pooled in time. Williams and Stephensen’s (1973) technique

(species x time x sites) provides an excellent solution to this problem,

but it requires that a study area be completely sampled at least three

times per year. Therefore, it is suggested that a suitable research vessel

ultimately be made available for such sampling needs. In addition, it should

be recognized that funds must then be available to workup the samples and

data from these cruises.

7. The extensive trawl program in conjunction with the National Marine

Fisheries Service permitted complete coverage of the benthos  for inverte-

brate organisms. Considerable effort is still needed to complete this program

in the current contract period, and the following is needed: maps of distri-

bution and abundance for selected species, calculations of Diversity Indices,

derivation of a list of Biologically Important Taxa, application of cluster

analysis techniques to groups of species and stations, and continuation of

cod stomach analyses. The needs for the future are development of a moni-

toring plan, additional trawl data on a seasonal basis, completion of Pacific

cod food study to include workup of all existing cod data (1972-1975; all

data available from notes of S. Jewett), and further trawl sampling in the

Kodiak area.
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X. SUMMARY OF 4th QUARTER OPERATIONS

A. Ship or Laboratory Activities

1. No ship activity

2. Scientific party

3. Methods

a. sediment

- not applicable

samples from each station are being analyzed

by Dr. A. S. Naidu.

b. Laboratory analysis of

are in progress at the

five (45) samples were

samples from previous cruises

Marine Sorting Center. Forty

completed in this quarter.

c. After extensive examination of the current literature on

cluster analysis of benthic invertebrate survey data, two

approachs  are being tested to determine their capabilities

in determining species groups and areal patterns of species

groups for data collected during the first year of the

benthic  biology study for the Gulf of Alaska OCS project.

A hierarchal agglomerative cluster analysis adaptable to

single linkage

strategies has

center). This

(nearest neighbor) and group average sorting

been obtained from Ivan Frohne (computer

program will be used with a subprogram that

will create

ficient and

similarity matrix using Czekanowski’s  coef-

Spatzls  quantitative modification of the Jaccard

coefficient. The above technique is similar to that used

by field and his co-workers (i.e. Field, 1971) except for

the use of Spatz coefficient. The coefficient should be

more powerful in distinguishing between quantitatively similar
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samples that show qualitative differences. The above

techniques will also be applied to data collected from

Port Valdez (Feder e$ al., 1973) so that it can be compared

with the results of the previous cluster analysis performed

on that data. In addition we shall utilize the divisive

monothetic cluster analysis of Stephenson .e~ aZ. (1970)

to analyze the GOA, OCS data. A copy of the paper contain-

ing the Algorithms for this technique has been requested vti

interlibrary loan.

d. A bibliography of feeding behavior of polychaetous annelids

and of feeding behavior and reproductive biology of selected

echinoderms common in the Gulf of Alaska is being compiled.

4. Sample localities - noc applicable

5. Data collected - not applicable. Data analyzed - preliminary pro-

cessing is underway for all of the samples collected on previous

cruises.
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APPENDIX TABLE 1.

A selected series of grab stations from the Gulf of Alaska. July

74 through May 1975. Showing species counts and wet weights. The

complete data set is on magnetic tape at the National Environmental

Data Center.
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GULF OF ALASKA BENTNOS - - GRABS  TAKEN JULY 74 THROuGH MAY 7 5 03/72/76 PAGE 16

CRUISE 193— .  .- STATION 026 ~E~CENT-S  REFER  TO TOTAL COLLECTIONS AT THIS ST_~~I.ON.— --- .— — —— —-- ___________ _ .,.

SAMPLE SAMP
TAXON CODE

COUNT WET WEIGHT PER SQ METER
TAXON NAME——— ——. .—...—— DATE No NO* PCT GRAMS PCT NO●—... ..-- . . ..-— . ..-. . .. _. ._W WG_T 31T CR_ITERIA

3200000000 SPONGES 07/07174 0002 7 0.74
3200000000 SPONGES

0.545 ~6.84 3 1.817 X x x x
— -.. — .- —----- - 07107/74,0002 ? n.74 n.(llo 0.31 3 ().03.3. — . — .  .— X x x x

SUBTOTAL 2 1.48
—  . — - .

0.555  17.15 7 1.850

480101081? POI.YCHAETA POLYNOIDAE MARMOTHOE LLFNULATA 0~107174,f1002 . _ .— ----- ..-— — — -  .-.. . . . . . . . .— --- . — - —-----  ..-— —— —-- .- 1 0.74. ..-_o.ofll f).f13 3.-— . 0500.3

4801011103 POI.YCHAETA POLYNOIDAE LEPIDONOTUS  SQUAMATUS 0710?174 0003 1 0.74 0.003 0.09 3 0.010

‘i801’lZ0205— ‘-  -  ‘“—-””–” “’”” -  ‘“”-””--’---” ““ “–””-””-POLYCHAETA PHYLLODOCIDAE ETEONE LONGA 07/07/74--000-2
.-.—

* 0.74 O.oo”r—-”-”” ‘ — - – - – ”0.03 3 0.003

4801221001 POLYCtlAETA SYLLIDAE, LANGERHANSIA CORNUTA—----- --- —-. . 0.7JQ7173,.,0003 t 0.74. . . . . . . , o.ool_o..o.3  3 0>.003 x

4801221201 POLYCHAETA SYLLIDAE  HAPLOSYLLIS SPONGICOLA 07/07!74 0003 3 2.22 0.007 0.22 10 0.023
4801221201 POLYCHAETA-SYL!.  IDAE HAPLOSYLLI S_SPONG.XC.O~A—. - - . ..-—. ()?107174  - 0 0 0 2J 0..74 C1.r)fll .-o.Q3___0.003

SUBTOTAL 4 2.96“ —0 . 0 0 8  0 . 2 5  1; 0.027

4801230404 POLYCHAETA NEREIBAE  NEREIS,PROCERA- 07107174-0002 1 0..74
‘i801230kOk

0.005 ().15 3
‘pOL~CHAEl~-”NEREIDAE  NEREIS PI?OCERA 07/07/74 Oi-in’l

0.017——
? 0.74””—0.014-—(3.”43 3

SUflTOTAL 2  1.48
0.047

0.019 0.59 7 0.063

~i80126010~ “-”’POLYCHAETA “G L YC ERI DE 6LYCERA “C-APITATA ci?lo7174”””cioQ1—’—  ““
—.

Q &801260101
1 0.74 0 . ” 0 1 0 - — 0 . 3 1 ” — - — ” ’3 0.033 x x

POLYcHAETA GLYCERIDE GLYCERA CAPITATA 07107174 0003 1 0.74 0.002 0.06 3 o.on7 x x
— — - . --— -— ..-  . . -. .,.,- . . . . . . . . . . . .__, _.-. SUBTOTAL . 2 1.48 0.012 fl.37.-. 7. — . _ @.ll$@

480?280102 POLYCHAETA ONUPHIDAE ONUPHIS GEOPHILIFORMIS 07107!74 f)ool 1 0.7’4 0.017 0.53 3 0.057 Xxxxx

—4LIOI3!-)O1OS ‘POLYCMAETA”  LU8RINER1DAE LUMBRINERIS  SIM!CA13RIS
.- . ..—.

071071?4 oonl—-”--3 2.22 ‘ -0 . 0 2 1 —0 . 6 5  1 0—“—i3*07(j X x x x
4I3O?3OO1O5 PoLyCHAETA LU9RINEQIDAE LU!4f3RINERIS SIMILAEIRIS 07(07174 0003 1 0.74 (’).012 ‘.0.37 0.040 X x x x

._g---- --- —. —----  .__ . . . . . . ------ . . . ,,, ,_- -.- .-,, SUBTOTAL 4 2.96_o.033,_l.02 1;.-—.— 0-?.1-!!-—

@801400204 POLYCHAETA PARAONIDAE ARICIDEA .IEFFREYSII 07f07}74 0002 1 0.74 0.001 0 . 0 3 3 0.003 x

‘4~Oli00~oo—PoLYCH4Eti  PARAON!bAE CIRROPHORUS  SP. 07107174 ooo3”——i—”o:74
-— —. —.-

(t.ool 0.03 3 0.00-3

_~#fiqd~d~fJb  POLYCHAE?A CIl?RATULfbAe  YHARVX  $$.,- 07ro?l?4 ofJo3
4801”490300

_2_f.48 0.001+)3 .—7 0.(303
‘PO(YCHAETA- CIRRATULIDAE iHARYx sP. 07f07174 0001 1 o.7.L— 0.001 . 3 0.003

SU9TOTAL 3 2.22 0.002 0.06 10 0.007

‘ 4 8 0 1 5 6 0 1 0 0—P OL YC H A ET A OPHELIIDAE AMMOTRYPANE  sP”i’  “-—’--–”--––– ”C17107t74  0003
..-— — . . . — .

2 t.48 0.003 0 . 0 9 ” — – — - - ”  “ -7 0.010

&80761f1601 POLYCHAETA MALDANIDAE NOTOPROCTUS  PACIFICUS 07!07174 0003 .,__.5 3.70 0eO07_-O.22  1 7 0.0?3
‘4801610601

x x
‘POLYCHAETA MALOANIDAg NOTOPROCTUS  PACIFICUS

——. .—
07f07174 0001 3 2.?2—”’

—..—
0.014 0.43

480167060?
10 0.04? x x

PqLYCHAETA MALDANIOAE NOTOPROCTUS  PACIFICUS 07r07t74 0002 7 5.19 0.0?2 0.37 23 @.oLn x x
—------- . . . . —.. . SUBTOTAL .15 11 .11 -,, 00033,_l.02_ ._50 0.1.10

4801620102 POLYCHAETA OUENIILIAE  OWENIA FUSIFORMIS 07!07174 0002 1 0.74 0.001 O.(I3 3 0.003 x
4801620102 POLYCNAETA 0WENIID4E OWENIA FUSIFORMIS. . . . . . . . . ..- ——-. r)7f07t74  0(703 4 2.Q6 fl.o(15__.o.15. ..-— 13 _o.cl17 x

SUBTOTAL 5 3.70---” 0.006 0.19 17 0.020

—. .-. .: . -— ——. . . — . .. —.- . . .
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CRUISE 193— . .  ..— .STATION 026 PERCENTS REFER TO TOTAL COLLECTIONS AT THIS STATION—. . . . ..— —— —. . .- .. —_. ..— -——- . . . . . . - -.. ____ ..— .— ---- .— —..

SAMPLE SAMP COUNT WET WEIGHT PER SQ PETER
TAXON CODE TAXON NAME OATE !.!?= . . . . . . . . . -.__. __._.-._———- NO. PcT GRAMS PCT NO.-—

$JyG~ 31T CRITERIA

4801620201 POLYCHAETA OWENIIDAE MYRIOCHELC HEERI 07107174 0003 3 2.22 0.005 0.15 10 0.017 x x x
.4801620201 POLYcHAETA OWENIIDAE MYRIOCHELE HEERI Q7/o?r74 0002 * 0.74— . ——— . . . . 0.002__0.06. 3. —. -— — —. ..—. .—. -_~.oo7 x x x

SU9TOTAL 4 2.96 0.007 0.22 13 0.023

4301650201 POLYcHAETA AMPHARETIDAE AMPHARETE ARCTICA—--- ..-— ------- . . . . 07/07174 0003 2 1.48 0.003 0.09 7-. . . . . .-. -.-. —— . 0.010—.— . ..—— . . ..———-

6801660702 POLYCHAETA TEREBELL!DAE PISTA FASCIATA 07/07t74 0003 1 0.74 0.001 0.03 3 0.003

_801670jof ‘POL”YCHAETA  ””TERERELLI DAE TEREBEL~iDES-”-$-lR-O-lM~o?/07174-”ooo3——3 2-:”22—
6ao1670101

o-Oolo—r1031~m0033-  x  x  x
POLYcHAETA TEREEIELLIDAE  TEREBELLIDES STROEMI 07107174 000? 7 0.?4 0.010 0.31 3

4f!O1670101
0.033 x x x

POLYcHAETA TEREBEI.LIDAE  TERERELLIDES STROEMI. — . 07107174 0001 2 1.48.__o.of13_o.(19 7—-—. O.olg x x x
SUBTOTAL 6, 4.44

—  .—
0.023 0.71 20 0.077

4801680201 POLYCMAETA SA9ELLIDAE EUCHONE_ANA,+IS 07!Q?!7~loQ3 1 0.74— - -— . — . . - —— .—.- 0.001 0,03 3 0 ~og3-.. — . ..— . .

4904020201 MOLLUSCA PELECYPODA NUCULA TENUIS 07107174 0007 2 7.48 0.005 0.15 7
4904020201

0.017 x x x
MoLLUScA PELECYPODA NuCULA-TENuI S.-...— . 07t07f74 0003-.— 2 7.48 ().()03 0.09 7 0.010 x x x

SURTOTAL ‘“—’”” ‘— 0 . 0 0 8 ”— 0 . 2 5— —”4 2.96 13 0.027

6904030201 MOLLUSCA PELECYPODA NUCULANA PERNULA 07107174 0002 3 2.22
~—&90&030201-—

_(l.050_l.54  1 00 . 1 6 7 X x x x
ROLLIjsCA  PELECYPODA NUCULANA PERNULA 07/07174 oool—-—1 0.74

*
0.020  0.62 3 0.067 X x x x

P SUBTOTAL 4 2.96 0.O7O  2.16 13 0.233

‘4~0L030500—MOii.U5CA  PELECYPOOA-  YOLDIJi-SP.
.- .-.. .— . ..— — . . .-—

07107174 0003 2 1.48
.—..

00002 0.06—-—--  ”-’? 0.007 x x

490L070207 MOLLUSCA PELECYPODA CRENELLA DESSUCATA 1 0.7407/0717L 0002 _,
‘4904070201

._o.oo5.._o.l5 d 3——3=.0!? x x
‘MoLLUscA  ’PELEcYPODA  cRENELLA-DESSUCATA 07107174 0003 2  ‘1.48 0.011 0.34 7 0.037 x x

SUBTOTAL 3 2.22 0.016 0.49 10 0.053

m~oio7050b—MOLitiSC~”-PELEC  YPl)f)A-DACRYDIUM” Sp:–-”” —O?I07J?4 o o 0 3 — — - - - ” - — -7 5.19 O.olk 0.43 23 “--.JI.0L7 x
0 9 0 4 0 7 0 5 0 0 MOLLuscA PELECYPf)OA DACRYDIUM SP. 07!07174 0002 2  1..28
@19f14Q7c1500

0.002  0.06 7 0.007 x
MOLLUSCA P’2LECYPODA DACRYDIUN SP.. 07!07/74 0001 4.—-. —.— ___ 2.96 0.0?4 0.74 13 O.OS@-— x— . .

SUBTOTA.L
—.

13 ”-9.63’—  0.0dO--’l.24  4.3 0.733

L9dt15d201  hoL1.USC4  P~LECYPOOA AXINOP$lDA SERRICA7A 07/07/74 0007 -_.-?._5*l~._ 0.0fY7_0.22_~s
‘k904150?01’”-’MOLLU$CA  PELgCVPfjbA AXINOl$sIbA $ERRICA~A-—- 0?10?/?4 onc13

.:*m;_m.J_——
4 %,96 o.no~  ().28 13 . x x x

SUBTOTAL 11 8.15 0.016 0.49 37 0.053
— .

49042I3O1O1 ‘!’!OLLUSCA  PELECYPOOA CLINOCARDIUM CILIATUfJi
—--- .

-07107174 oon2
- —  ..— .

1 0.7 L”--’”- “-”0.020 0.62 3 0.06?
fD90&200101 MOLLUSCA PELECYPODA CLINOcARDIUM  CILIATUM 07}07!74 0001 1 0.74 0.062 1.92 3

SURTOTAL
0.207

- ..--—.—-. . . . ___ 2._.l .48 _,.O.082._2.530 . 2 7 37

4904210501 MOLLUSCA PELECYPODA PSEPHIOIA LORI)I 07/07174 0002 7 0.74 0.001 0.03 3 0.003 x x
--—

‘5 3 2 8 0 5 O 1 O O  CRUSTACEA CUMACEA  DIASTYLIOAE DIASTYLIS SP
. .- ---- -

071t)7t74 0002 7 0.74 — 0.002 -’0.06——-” ”””3 O.ocl?
S32I!O5O1OO  CRUSTACEA CUMACEA DIASTYLIDAE DIASTYLXS SP 07107174 0001 1 0.74 0.003 0.09 3 0.010

—.- . . .. —- ——-— . - . SUBTOTAL .__2.-.L 8L_0.f I05I_f)_l).l.5. 7-—-* Q.ol.?

S32807O1O7 CR CUMACEA  CAMPYLASPIDAE CAMPYLASPIS VERRUCO$A 0710?174 0005 1 0.74 0.001 0.03 3 0.003
— — . . -  .  ..—-—- -———. . . .



GULF OF ALASKA BENTHOS - - GRABS TAKEN JULY 76 THROUGH—MAY 75 C13f72176 PAGE 18

CRUISE 193— ..— s-T-ATION_026 P,ER,CENTS  REFER To TOTAL COL~E_~-~IoNS  AT THIS $~_A~ll.N—.— . . . . . . . .- . .. ———-— .— -..

SAMPLE SAMP COUNT WET WEIGHT PER SQ METER
TAxON CODE I,!x.o!!-.NArn_E--.—- DATE NO N Q.- . — -  —..— _.._GRA MSPCT Pcl NO WWGT——. .— - -* —.- .- 31 T CRITERIA

5 3 3 0 1 1 0 0 0 0  CRUSTACEA ISOPODA GNATHIA SP. 07/07/74 0002 ‘ 0.76 0.001 0 . 0 3 3 0.003 x x
—-. -— ..- . . . . . . . -.

5331000900 CRUSTACEA AFIPHIPODA
..--.—____ . . . —-. . . -—

07f07f7i-ooo7
.-...- . -

5331000000 CRUSTACEA AMPHIPODA
1 0.74 0.001 0.03 3’ o.io3 x x

07107f74 0001 2  1.48 0.003 0.09 7 0.010 x x
S33~,QOOOO0  CRU,STACE~_  ~M,pHIPOD! 07107174,  00Q2 . . _— - 3  2 . 2 2 _o.oC14 _2.90 10 0..313 x x

SUETOTAL 6  4.44 0.098 3.03 20 0.327

5331220100 EOHAUSTORIUS  SP.—- - - - ——.. 0?I07174,001)3.--—— 7 0.74 0.00? 0.06 3 0.007.—— ----- .. —- —. .— __ . _ . .

5331420201 CRUSTACEA AMPHIPOOA HARPINIOPSIS SANDPEDROEN.SIS  07107174 0(103
5331420201

1 0.74
CaUS~~CEA_~,MPHIp~OA  HARPINIOPSIS  SANDPEOROENSIS

0.002 0-06 3 0.007 x
— - - . - ..-—. Q710717L 0001 1 0.74 o.ocll_o.03 3 0.003 x

SUBTOTAL 2  1 . 4 8—0 . 0 0 3  0 . 0 9 7 0.010

5901010101 SIPUNCuLIOA GOtFINGXA MARGAR~TACEA 07/07/74-0001
—S901CI1O1O1

5 3=?P_.0.003 0.09 17
‘SIPUNCULIOA  GOLFINGIA MARGARITACEA

.- ——c 0=010 . x x x
07/07174 ooo3– 2 1.48 0.005—0.15 0.017

SUBTOTAL
x x x

7 5.19 0-008 0.25 2; 0.027
.—..

‘ii~OOOOOOOO ECTOPROCTA ‘-” ”----’--—–” —--””-——-- 07107/74 ‘oooz—-—”””’-
. — . .

1 0.74 0.102—3:15—-—--”-i:3403 x x

-J 6601080101 8RYOZOA. :ICROPORXNA BOREALIS—- —.. -.. — . . . . . . 07107174 0007
b .. —--- —___ —_. __— _____ 1 0.74 0.010 0.31—.- . . . . . . 3 0.033..-—— .- ——---- . .

m 6702030101 8RACHIOPODA ARTICULATE TEREBRATULINA  UNGUXCULA 07107174 0003 1 0.74 0.014 0.43 3 0.047 x x x

—680i060101—””
. . ..- . . . ..——

EC A“S PORCE~LANASTERIO”AE’-”CTENoi)  I$Ctj5-”’C’RISPATUS 07107174 ”0002—— —-0.005—-0;151 0.74
. . . . . . .

3 0.017 X x  x x x

6803020801 ECHINODERM AMPHIURIOAE UNIOPLUS MACRASPIS 0 7 } 0 7 1 7 4 , 0 0 0 3  -.--,
‘ 6803020801

2 1.48 ().291 8.99.,_.._~..97o7
“—ECHINODERM AMPHIURIDAE UNIOPLUS MACRASPIS

.. --— ._— X x x x
07f07/74 0001 2 1.48 ‘ —0 - 4 0 4–1 2 . 4 8 7 1.347 x x i x

+++& SUBTOTAL 4 2.96 0.695 21.47 13 2.317 ,

kb-$~soqclbll‘“—E~fi-INODERM ”OpHIUROJOEA  “fjPHIuRIDAE””  oPHIuRA $AR$l 07/0?/74 0003.. —--- ..-_ —-

‘=6803090611
“—f—”o. 7 4’--— 0:503—15.54 3 1.ii7 X x x x x

ECHINODERM OPHIUROIDEA OPHIURIDAE OPHIURA $ARSI 07107174 CI(I02 1 0.74 0.790 24.fij 3 .2.633 X x x x x
— .  -. — - .—- - . SUBTOTAL 2 7.48. 1.293  39.04.-.. 7 4.310-- ---- . ---- —.—

9999999999 UNIDENTIFIABLE 07107174 0007 1 0.76 0.019 0.59 3 0.063 x
9999999999 UNIDENTIFIABLE 07/07174 r)oo3.__fl.-, o.74. _., o.f)7l..-.o.34. 3 n.g37 x

‘999999999$—’UNIDENTIF  IA13LE 07f07174 0003 7 0.74 0.001 0.03 3 0.003 x
9999999999 UNIDENTIFIABLE 0710717A 0003 2 1.48 0.003 0.09 7 0.010 x

—----- -. —---- SUBTOTAL 5 3.70. . . . . . . . . . . . . . . . . . . . . . . o.034,-,,l*r)5 37.-., .-.— o.113-—- ..—

STATION TOTAL 135 3.237 450 10.790
—-. . ---- . . . . . . . . - . . . . . ,---- -.—. . . . . . . . . . .

SIMPSON INDEX 0.039912 “--– “SHANNON DIV~J–T~iJDE~-3e3346L9

—. .- . . .-. —-. .- .-— _ __

. . . . ..-—

—. -. . . . . . .
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CRUISE 193— . .  . STATION 048-.. . .— ----- P-ERCEN-T,S--R~FEl?  TO TOTAL’ COLLECTIONS AT THIS STATION-—-—- —. - —.-. . . . . . .._ . . . -.. .. —----

TAXON CODE
SAMPLE SAMP COUNT WET WEIGHT PER SQ METER

—.— . . TAXON NAME.  _ _ _ _ _ _ O A T E NO* NO. Pcl GRAMS- — — PCT NO. WUGT.—— . . . — .—... -...-— -— .— 311 CRITERIA

3200000000 SPONGES 07103174 0003 1 0-52 7-76S 48.84 3 25.883 X x x x
——. - -.. —-— .- . ..-_ ______

7 0 0 0 0 0 0 0 0 0 NEMERTEANS RHYNCHOCOELA
.-.
07/f13;7i-ilClcl—2——— - - - - - -  - - -1 0.52

. — - — - . — -
0.005 0.03 3 0.017 x

&801020101 POLYCHAETA POLYODONTIDAE  PEISIDICE ASPERA—---- —.-— . . . . . . ——-. o?/03/7~_oooz 0.012 0.08 13~ 2*. g6_ . ..— . 0.060 x x——-

4801050101 POLYCHAETA SIGALIONIDAE  PHLOE  MINUTA 07/03176 0001 1 0.52 0.001 0.01 3 0.003

‘48011’20205-po~Y”cHAET~”-pHyLLoDoc  IDA~”-ETEOfjE””-LO~GA o“7/03/7T”-ooo-l 1 ‘0;52-0.004-0:03
---

3 0.013

&801230000_Pf)LYCHAETA  NEREIOAE
‘4801230900

---— .———-— 0710317L  Oof)? 2 1.03 _IY.098_0.62 7 0,327
P13LYCHAETA NEREIDAE

. . —  — . .

4801230000
07/03/74  0002 1 0.52 ().01s 0.09 3 0.0s0

PoLYCHAETA NEREIDAE 07r03174  oon3 1 0.52 0.003  0.02 3 0.010
——..  -. . . . . . .. —.-— . . . . . . . . -_ SUBTOTAL 4  2.04_o.l16_o.73 1 3. — .  —. 0 . 3 8 7  .. —  .—

4801240$05 POLYCHAETA NEPHTYIDAE  NEPHTYS PUNCTATA 07/03/76 0003 1 0.52 00095  0060 3
4801240105

0.317 x
POLYcHAETA NEPHTYIOAE  NEPHTYS PUNCTATA—.. . . . . . . . .— . .— 07103/74 0001 1. . . . . . . ..- —. —- _____ 0.52 0.075 0.47

SUBTOTAL ‘- 2 -1.03—- –-.
3 0.2s0

0.170 1*137-——
x

7 0.56?

~ 4801240111 POLYCHAE  TA--NEPHTYIDAE  NEPHTYS FERRUGINEA
~“” . .-—. . 07f03174 0002 *.- . . 0-52 0.018 0.11 3 0.06,0. ..- —-— . — . x x

m 480?260101 POLYCHAETA GLYCERIDE GLYCERA CAPITATA 07103174 0002 z 1.03 0.0s0 0.31 7 0.167 X x

“L10128010Z—PO~YCiIAETA ONUpHIDAE ONUpHIS “~E”opMILIFoRM1s. . . .—
07/03174’”’0001 2--7;03-”-’():0()2-0.03  7

-- . . . .
0.007 X x x x x

4~0t280102 POLYCHAETA OMUPHIOAE ONUPHIS GEOPI+ILIFORMI.$ 07103174 0002” z  1.03 0.041 0.26 7 0.137 X x x x x
48IY12$O1O2 P9LYCHAETA ONUPHIDAE ONUPHIS GEOPHILIFORMIS— . -.. .—-. . 07103f74 0003 1 0.52 n.olyl.- — . 0.01 n.oo~ X x x x x

SUBTOTAL ‘-5--”2-S8”—”” 0J344-–0.?87:— 0.147

--48.801300105 POLYCHAETA LURRINERIDAE  LU~BRINERIS  SIMILABRIS 07103174 000s 3 1.55 0.023 0.14 10 0,0?7
01300105—@OLYCHAETA-  LUBR INERIDAE LUMBRINERIS SIMILA13RIS

.— X x x x

&01300105  POLYCHAET4 LU9RINERIDAE  LUMBRINERIS SIMILABRIS 0 7 / 0 3 / 7 4  000Z
07/03174  oonJ

— . .
1 o.52—

—.
0.0 9 5—0 - 6 0

-—
3 0.317 X x x x

1 0.52 0.07s 0.47 3 0.250 X x x x
r -— — .  .  ——.. - .-, SUBTOTAL ,,_ 5-+2m58 _.0o193_l.21 17 0.643. — . — .

4801400204 POLYCH4ETA PARAONIDAE  ARICIDEA JEFFREYSII
4L!r)14nrJ204

r17103f7L 0001 3 1.55 0.018 0.11 1(I o.n60 x
POLYCHACTA PARAONIhAE  ARICIDEA JEFFREYSII -. --_._,07/03/7L 0 0 0 2 _

‘4801400204
z..._f13l3 .“.-..0.005--,0.03 0 . 0 1 7

‘PoLYcHAETA  PARAONIDAE ARICIDEA JEFFREYSII 0.032 0.20 1;
x

07103f7L  0003 5 2-58 0.107 x
SUBTOTAL 10 5.15 0.055 0.35 33 0.183

.— ._—
7 8 0 1 4 2 1 0 0 1 POLYCHAETA NERINIDES SPIOPHANES BOMBYX

- . .-——
07103174 0002-“-—2-”--1  .03”—’0.046”–  0:29——- ‘-? 0,153

L801421OO3 POLYCHAETA SBIONIDAE SP!OPHANES CIRRATA—. . -. -— 071C1317L 0003 1.-..  -.— — . . . . -0.52 0.075 0.09 3-—. —- -. 0.. Osp x x

4801490300 POI.YCHAETA CIRRATUL!DAE  THARYX  SP.
4801.%90300 #oLycHAETA cIRRATuLIDAE  THARYx sp.— - - .—. . . .

07103f74 0003 2  7.n3 09099 0.62 7 0.330
071n3174 000? .-1 ().52 0.160-0.048...0-30,  . _-----

SUBTOTAL 3 1.55 0.147 0.92 1; 0.490

480161O1O2 POLYCHAETA MALDANIDAE  ASYCHIS SIMILIS .,----------- 07/03/74 oOO1 __-; :=:; .,_.0.391-..  2G46_-—7 1.3n3 x x x
“—PO~YCHAETA MALDANIDAE  ASYCHIS SINILIS‘480161O1O2 07103174 0003 r).087 0.ss 0.290

3 1:55
x x x

SURTOTAL 0.478 3.01 1; 1.593
-.. ..-— .. —.-— ,.. .—.— —.. -. . .
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CRUISE 193 sI!z?oN_fl.!.l PE~CE_NTS REFER TO TOTAt. cOLLECTIO-NS AT THIS SJ~~ION

SAMPLE SAMP
TAxON CODE

COUNT WET WEIGHT PER SQ METER
TAxON-NAME .DATE...Fo._NC_NC  ● _FC.l_.— . -..— GRA~S----PCT_N o . _WWGT 31T CRITERIA

4904150201 MOI.LUSCA PELECYPODA AXINOPSIBA  SERRICATA 07103174 0003 1 0.52
49041502t)~__.

0.002  0.01
MOLLUSCA .PELECYPODA  AXINOPS IDA_SERRICATA

0.007 x x x

‘4904150201
07/03/7$..0001 3  J.ss_0-008_0.05 l;-_0,027  X X X

MOLLuscA PELEcYPoDA AXINOPsIDA  sERR[cATA 07f03f74 ooo2—-”—5 2.58 f).025 0.16 17 0.083 x x x
SUBTOTAL ‘-’9 4.64 0.035 0.22 30 0.117

— - .- .. —... -—-
4904240107 MO~LUSCA-PE~ECYPODA-  MACOMA CALCAREA”

— -. .—.
07/03”/7L”-ooo2-

.-— .- .-. . . ..— .—. .._-
1 “0.52 0.001 0.01 3 0.003 x x

4904370101 WOLLUSCA PELECYPODA CARDIOMYA PECTENATA 07103f74  0002 1 0.52 0.016  0-10
—4904370101

0.0s3
‘-PIOLLUSCA””PELECYPODA  ‘CARDIOMYA PECTENATA 07103174 0 0 0 3 — – — ”  —1 0.52 0-008  ‘“0.05‘—:—”0.027

SUBTOTAL 2 1.03 0.024  0.1s 7 0.080
—.. - —. .- . .. ---- ..—. ._ .-.

4906OIO1OO
. . . . --- . . . . . .

‘MoLLusCA SCAPHOPODA DENTALILJM SP
-..
cJ7103f7i ‘oorji

. ..— ---- —.—
1 0.s2 0.004  0.03

—-...
3 0.013 x x

5700030300 CRUSTACEA AMPHIPOIJA  HALOSOMA  SP— . q71c!3r74_ooo3 1 0.52-. —— .- ..- .=.. 0.002 0.01 3 o,.~~_7 .--.-— — - .

5307000000 CRUSTACEA PODACOPA 07r03i74 0002 2 1.03 0.002 0.01 7 0.007

‘5330110000—CRUSTACEA””  ISOPOCIA  GNATH”IA-”SP.
. ..—

07/0317i”~@02——--  -—..7 3.61
5330110000 CQUSTACEA ISOPOOA  GNATHIA SF.

0-009—0;06 23 ““--0.030 x x
07/03/74 0001 16 8.25 0.013 0.08 S3 0.043 x x

~5330110000 _-CQUSTACEA  lSOPOOA  GNATHIA,SP___ ~7/03f74 0003
-

7..,0.52 n.f)ol 11.nl.—.- 0.003
24 12. 37” — -0.023 - -0-14 8;

x x

m SIJBTOTAL
——

— 0 . 0 7 7

5331000000 CRUSTACEAAMPHIPODA 07t03!74  0002 7 3.67
‘5331000f100-tRUSTACEA AMPI.IIPODA” ‘---

_O.076 0.4/3 2 3 ().25,3 x x
07103174 r)r)cJ2——1 0.52 f J . r ) o l ” - o . o l - — - - -3 0.003 x x

SUBTOTAL 8 4.12 0.077 0-48 27 0.257

‘ S 3 3 1 0 2 0 1 0 1 —C R U S T A C E A  AMpHIPODA-  AMPi~IiCi-fiiCR-O~C{~FA~A——”07103174 0002-——.”–-”
— -

1
.-

0.52 0.002 0.01— —0 . 0 0 73 x

S331020200 BYBLIS SP. 07f03f74 0005 l_o.s2 0.OIO_,o.rJ6  ._
‘“5331020?OO—BY13LIS Sp.

------- . ..- . . . . . . ________ ._ ._ 3..— 0.033 x
07103174  0007 5  2 . 5 8- —0 . 1 9 8 1.2s 17 0.660 x

fi~
SUBTOTAL 6 3.09 0.208 1.31 20 0.693

~331070201— CRLjS’TACEA AMPHIPODA BY13LIS’”-CRASSICORNIS
,..__ ___ . —— ..—.

CA.S33102O2O1
o?lo3i74 0002

CRUSTACEA AMPHIPODA f3Y9LIS  CRASSICORNIS
4 2.06 0-076 0.48 13‘—””—O-:2 53 x

07/n317L 0002 2.06 o.r176 0.48 13
_,_-_:-- ,4.J2

0.253 x
- .—...——.—— - . .- . _. SIJUTOTAL

.  . — — — . - 0.152_0.96 2 7-—- f).507

5331150301 CRuSTACEA AMPHIPODA EQICTHONIUS  HUNTERI 07103174 0003 1 0.52 0.001 0.01 3 0.003

-331”420100—HARPINIA  SP.
.-. .-—--— .,_

07/03/74 0003
. — - -— . .-

3“-1.55 0.010 0.06 10- — ” — 0 . 0 3 3 x

5331~20201 CRUSTACEA AVPHIPODA HARPIN1OPS1S SANDPElJROENSIS__07/03/74  0002— -. .-—- -— 7 0.52 0.004 0.03 3 o.o~3 x..- . ..—- -...

5331980000 CRUSTACEA AMPHIPOOA CAPRELLIOAE 07103174 Oorll ‘1 0.52 0.001 o.fJl 3 0.003

‘~33i980722—CRUSTACEA AMPHIPODh CAPRELLA STRIATA 07/03174 0003 1 0.s2 ““’ ““o.of13 o . 0 2 ” — - ” - — - ” ” ” -3 0.010

_5901010101 SIPUNCULIDA GOLFINGIA  MARGARITACEA 07103174  0003 .-, 1 0.52 . . . ..*..;.._.O*2l_,,.—.
5901010101 SIPtJNCULIOA  GOLFINGIA MARGARITACEA  ‘-

_o.llo3 x x x
0?I03{74 000?

5901010101
5  2.58 1.11 17 0.596 x x x

SIPUNCULIOA GOLFINGIA  MARGARITACEA 07103174 0007 4 2.06 fl:o13 0.08 13 0.(343 x x x
SUHTOTAL ICI 5.15— . . . — .- 0.223 1.4(I -, 3i _, 0:743 ———-—
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GRABS TAKEN JULY 74 THROUGH MAY 7S 03/72f76 PAGE &o

CRUISE 193 STATION 055—- . . . . .— __.. . . PERCENTS RFFER TO TOTAL COLLECTIONS AT THIS STATION . —- .—

SAMPLE SAMP
TAXON CODE

COUNT WET WEIGHT PER SG METER
TAXON NAME——--.— —----- . . . . . .._ DATE NO. NO* PCT GRAMS PCT ,NOe.-_WWGT,- “ 3 1 T  C&ITERIA.— ---- . . . . . .

4000000000 NEMERTEANS RHYNCHOCOELA 0710?174 0002 1 0.78 0.007 0.01 3 0.023 X
—-..

480100000 -0 —- ‘-”-”
-.-.—--——  ._, . . . . . . . . ., .,.._,  ,,

POLYCHAEIA–-’  ‘“””” 07fo?174 0001 1 0.78 0.08V 0.14”
-- . .- .

3 0.297—

4801230000 POLYCHAETA NEREIDAE r171n7174  0002
‘i801230000—POLYCHAETA  NEREIDAE”--—-———

1 0.78 0.006 0.01 3—. —.—— ___ ..- 0.020
07/02174 0003 ‘“ ‘“ 1 0.78

-
0.001 0.00 —-”--”3 ().003

SUBTOTAL 2 1.S6 0.007 0.01 7 0.023

‘ 4 8 0 1 2 4 0 1 0 5 —P OL YC H A ET A
- NEPHTYIDAE  NEPHTYS’  PUNCTATA -” -””” “- 07102176 0002 ““” 2  1 . 5 6 o.418 o_67”—?’—-”~a393 x

4801240~11 POLYCHAETA NEPHTYIDAE  NEPHTYS FERRUGINEA—-..—— . . . ..-. .—. - . . . . . - ,. . . . .-. . . . !710?/74 Oorll 2 1.56 0.182 0.29 7—-- —. .-—.. 0.607— .  - x x

6801260101 POLYCHAETA GLYCERIDE GLYCERA CAPITATA 07/02174 Oof)l 1 0.78 0.083  0.13 3 0.277 X x

‘ 4 8 0 1 2 8 0 1 0 0 — ” POLYCHAETA-”ONUPHI  DAE” ONUPHI$ SP. “- -
07/02174  0 0 0 2

—.- .
1  0-78”””” “ 0 . 0 9 6  0 . 1 5

—- .—
3 0 . 3 2 0

480130070S POLYCHAETA LU3RINER IDAE,LUMBRINERI SSIMILARRIS 07102174 0002 10 7.8j 0.035 0.06 33
‘4801300105—

0.117
Pf)LYCHAETA LU3RINERIDAE  LUM9RINERIS SIMILABRI$

.—
07/02174 0001

— . X X x x
7 — 5 . 4 7

4801300105

— .
“ —0 . 0 1 2  ‘ 0 . 0 2  23—0.040 X x x x

PoLYcHAETA LUBRINERIDAE  LUMBRINERIS SIMILABRIS 0710?174 0003 14 10.94 0.156 0.25 47 CI.52fl X x x x
—.—--- .— —-. — . ----- ..—-. ,- SUBTOTAL 31 24.22 --- 0.203 -_ O.33._fl,0_3_.O.677_,..-. . . . . . . . . ..—. . . .—

4 4801400301
*

POLYCHAETA PARAONIDAE PARAONIS GRACILIS 07102/74 0002 2 1*56 0.001 0.00 7 0.003
0 ~8.01c2ioo.3_...  -.

POLYcHAiTA--5PIONIDAE  SPIOPHANES”-C  IiR”ATA
4801421003

07102174””’-tiooj—— —
——- .

2  1.56 0.004 o.ol—
— —.-
? O.oi”j x x.

POLYCHAETA SPIONIDAE SPIOPHANES CIRRATA 07102174 0002 1 0.78 0.004 0.01 3 0.013 x x
. - . — _ _ _ ----- . . . _________ SUBTOTAL-. 3 2.34 0.008 0.01 10- . —  . —  -— 0.027

4801490200 POLYCHAETA CIRRATULIOAE  CAULLERIELLA  SP
4801490200

07/02174 0001 3 2.34 0.003 0.00 10 0.010 x
POLYCHAETA CIRRATULIDAE  CAULLERIELLA SP— ._.-_. — — . - -. 0710217L 0003.- . -— .. -.. _ 4 3.13 0.005 __,o. ol 13 0.017 x

SUBTOTAL 7  5.1+7—
.—

0.008 0.01 23—0.027

~+801570101 POI.YCHAEYA STERNASPIDAE  STERNASPIS SCUTATA 07/02174 0001 1 0m78_-
+,&801570101

0.006 _ 0.01 0.021-Ix x x-.x
‘PoLYcHAETA”” sTERNA SPIC)AE sTERNAsPIS--scuTATA 07/02/74 0002—”— 0.558 o.9fl-l;—

&
48OI57O1O1

3  2.34 1.860 X x x x
POLYCHAETA STERNASPIDAE  STERNASPIS SCUTATA 07102174 0003 2 1.56 0.459 0.74 1.53fl X x x x

— . — - .  _. . -------- . . . . . . . . . . . . ___ ._ ---- .- ___ .,, . --”,----- ----- ., SU13TOTAL 6  +.69.._lo023-_.To64_~— 3.41.0

4801610000 POLYCHAETA MALDANIDAE 07/02174 0001 1 0.78 0.004 0.01 3 0.013 X x x x
.—

‘&8016?0802 POLYcHAETA-”MALDANIDAE ‘AXIOTHELLA iUBROCINC~~
— .-— .—-..

07/02174 0001 1 0.78 o.ons  ‘ - o . o l ” — - — -3 0.o17-

4807610901 POLYCHAETA MALDANIDAE  _PRAXILLELLA-  GRACIL,lS 07102/74 00n2. . . .1
‘i80i610901

0.78 ._O.196__0.31 ——oe6533 x
‘—POLYCHAETA-MALDAN  IDAE PRAXILLELLA GRACILIS 07102/74 0003 2 1.56 0.212 0.34 7 C).7CY7 x

SUBTOTAL 3 2-34 0.408 0.65 10 1.360
..— .

‘ 4 8 0 1 6 1 ” 1 O O 1 POLYCHAETA-MALDAN  IDAE’ RHODINE  ”BIToRQUATA””
—  —

07102{74 0003
— .

1 0.78 0.(’)12”’ o.02—--”—3 0.040
4801611001 POLYcHAETA MALDANIDAE  RHODINE BITORQUATA 07/02/74 0002 1 0.78 0.017 0.03 3

__SU8TOTAL
0.057

-.-— 2 1 5 6. . .. —.-—. -. ● . —Q..Oz?_O.O5 7 0,0??

4!301650501 POLYCHAETA AMPHARETIDAE  MELINNA CRISTATA 07/02174 0002 1 0.78 0.015 0.02 3 O.osn x
— — — — — _ _ _ _ ———-— —-— .-——- .—_. — _ _ _ _ _ _  . _



GULF OF’  ALASKR BENTHOs  -  _ GRABS TAKEN JULY 74 THROtiH MAY 7S 03172176 PAGE 41

CRUISE 193—  .  . s.T!.TJ.oY_cl_55 —— PER_CENTS  REFER TO TOTAL COLLECTIONS AT THIS STATION. . . ..— ,_______ ___ . .. _._. . . . . . ..- _____ .__-. -

TAXON CODE
SAMPLE SAMP COUNT

TAXON, NAME
WET WEIGHT PER SQ METER

. — ,DATE._. No,_..-..No*._.PC!_GRAMS. — _ . . .  _  _WW-G.TPCT NO. 31T CRITERIA

4801670101 PoLYcHAETA TEREBELLIDAE  TEREBELLIDES  STROEMI 07102174 0002
.4801670101

L 1.56 0.037 0.06 0.123 x x x
PoLYcHAETA TERE13ELL  IOAE.,TERE9ELLIOES  .STROEMI

—4801670101
-_0710217L.  Ooo1—!-..78_8_ ;0 . 0 1 3 . . . . 0 . 0 2  . — .0.043 x x x

‘—POLYCHAETA  TEQE8ELLIDAE TERERELLIDES  STROEMI 07/02174  0003 2 1.56 0.098 0.16 7 0.327 x x x
SUBTOTAL 5 3:910.168  0.21% 17

.-— — . . . .
fJ. &93

‘4801670201 P O  TRICHOilRANCHID4i”  TRIiHOBRANCHUS  G L A C I A L i ~-
. . . . .-

07102/7b ‘Oi)Oj-”-”-” —--- ____ .1 0.78 0.006 0 . 0 1 3 0.0-20

69040?0201 MOLLUSCA—. . . ..- ..— . ..-

4904030201 MOLLUSCA

‘49&0302Q2- MOL~USCA

4904150201 MoLLuscA
‘i904150201—tiOLLUSCA”

‘i904”150301—90LLUSCA
4904150301 MoLLuscA

—----- —..---.—-  . . . . .

A 490.4240109 MOLLUSCA
‘&490L24n111 MOLLUSCA&. — . .

PELECYPODA NUCULA ,TENUIS 0~102174.,OyO~ 1 0.7!? o.ool-__o.oo— . . . ..__— 3. . — 0.003 x x x.—— .

PELECYPODA NUCULANA PERNULA 0710217L 0001 6  4.69 0.015 0.02 20 0.050 X x x x

PELECYPODA  NUCULANA MINUTA
..—

‘ti7102174”  OOOi—”-–”” “ ’— -  ““-—5 3.91 f).03f4
-—.— . . . .

0.05 17 0.113 x

PELECYPODA AXINOPSIDA  SFRRICATA (17f02174--~OO7 ?6 12.50_-0.010. . . . . . 0.02 S3
PELECYPODA AXINOPSIOA  SERRICATA

— .  — .
07102174  0003

._.._o.o33 . x x x
3 2.34 0.002—0:00 10 0.007 x x x

SUBTOTAL 19 74.84 0.012  0.02 63 0.040

PELECYPODA THYASIRA FLEXUOSA- 07/02174””0001
— —.

4  3.73—’
PELECYPODA THYASIRA FLEXUO$A

o. 163”–’-262_-—.  ._._ ,13 0.5L3 x
07102174 0002 1 0.78 0.010 0.92 3 0.033 x
_ SUBTOTAL ..—!..3- ? l_

r CI.173_0.2~._._. . . . . . . . . _ 17 0.577

PELECYPOOA MACOMA CALCAREA 07!02174 0002 2 1.56 fl.027 0.04 7 0.090 x x
PELECYPODA  MACOMA .CALCAREA- Q7102I74  0003 i I-):;i—. ---- __O;123 0.20 0..410. - .  .— _ x x

SU13TOTAL 3 2.34 O.?SfI 0.24 1; 0.500

4 9 0 6 O 1 O 1 O O MOLLUScA SCAPHOPODA DENTALIUM  SP 07102174 00n2 1 fl.78 ._-o*343 _-o.5s 3
‘490601C1100-kOLLUSCA  SCAPHOPODA DENTALIUM  SP ‘ - ’

.—— - 1.143 x x
07/02/74 0001 t 0.78 0.141 0 . 2 3 ” — ”  ‘ — ”3 0.470 x x

k~ SUBTOTAL 2 1.56 0.484 0.78 7 1.613

_%’ji80it).?~~”CUilAcEA  LE!JCONIDAE  ELIDOREL~A-EMARGINATA
- . .— . .

~3280402f)l CR CUMACEA  LEUCONIDAE EUDORELLA  EMARGINATA
07102174 000i—— .-—.. . . . .1 0.78 0.003 0.00

-—..-
3 0.010 x x

5328fl&f12(31
07/02/74 I10f12 2 7.56 rl.clfll o.on 7 0.003 ‘ x x

CR CUMACEA LEUCONIDAE EUOORELLA  EMARGINATA—- - . -— 07/02174  0003 1..—. . . . . . 0.78 .-, _, O.nol O.ofl 3 0.003 x x
SUBTOTAL 4 3.13 n.oos’-”  o.01

—- —
13 0.017

S331000000 CRUSTACEA AMPHIPODA  _.. . . . . . . . . . -. ______ O?1O2I74 0002
‘ 5 3 3 1 0 0 0 0 0 0 —

C RU S TACEA Af4PHIPOOA
,_.2_.l.56 o.002_.o.oo

07102174  0001
0 . 0 0 77 x x

2  l.56—- o.on2 0.00 7 0.007 x x
SUBTOTAL 4 3.73 0.QC14 0.01 13 0.013

-—
‘5331&20111 CRUSTACEA AYPHIPODA H4RPINIA EMERYI 07/02/74 0003

. — .~ ,.56 ----- .
0 . 0 0 5  0 . 0 1 — - — ’ ”7

6801060101

0.017

EC AS POQCELLANASTERIDAE  CTENODISCUS  CRIS,PA,TUS— - - .—c -- 07in2f74 0007 1 0.78 7.879 12.65- ___ —  .-. 3  26.26?—.- . —. Xxxxx—.-

6806050100 ECHINODERM HOLOTHUROIDEA  MOLPADIA  SP.
680+0$0100 ECHINODERM HoLoTHuRoIDEA  MoLPADIA  sp. ,— . - — . . .

07/0217L 0001 t o.78 7.533 12.09
07102/74 00n3

3  25.119 x x x
1 0s78  4 3 . 2 6 9  69.64..-— . 3  744.230

SIJBTCJTAL
x x x

2 1.S6 5f).8n2  8 1 . 5 3
-— -

7 169.34n

9999999999 UNIDENTIFIABLE 0 7 1 0 2 / 7 4  0 0 0 3  .,___-l. 0 . 7 8  -., 00003.-.0oo0—.—. -——— . . . .- .-.. ..-. ..— ..—. 3 0.0.1.0 x

STATION TOTAL 728 62.307 427 207.690
—. .-.. —.. .-

SIMPSON INDEX 0.091781
.. —-— — .-

SHANNON DIVERSITY-INDEX 2-969763



--muiFwkidm ‘iii - -—im---R-i!RKEmEY.’Y-””HiRom!N F ‘“” -’ = -‘“ -“--kil’”-,-
_cRu Is E,200__,.,,_s  TATIo N 05.7 -_ PERCENTS REFFR TO TOTAL COLLECTIONS AT THIS STATION . . . ..- .. -.-— . . ______

SAMPLE SAMP COUNT WET WEIGHT PER SQ METER
TAXON CODE TAXON NAME—..— —- -- ..———-—.— DATE NO. NO. PCT GRAMS PCT—- .. --—.-. . . . . . . NO. -._WWG1 311 CRITERIA-. -—-.—

3200000000 SPONGES
3200000000 SPONGES—.. — .--- —-—. .-. ..— . ..e .. ____ ._ . ..__ . . . . . . . . . . . . . . . . . . . . . .. -.. ..- .

10109174 0003 1 0-27 0.001 0.00 3 0.003 X x x x
loln9f74 0002 ‘1 0-27 0.006 0.01

SUBTOTAL
3 0.020 X x x x

2 0.54 “’ (1.fl(17  ()-02”-”””””-””  ““–”0.023- ‘-—?

3303010000 CNIDARIA ANTHOZOA SEA PEN——.- 70109174 0003 1 0.27,--  ?.938_22.46._-– 3 33~127 x x x

4000000000 NEMERTEANS RHYNcUOCOELA 70109174 0003 1 0.27 0.007 0.02 3 0.023 X

— 4 8 0 1 0 1 0 8 0 6‘PoLYcHAETA””PoLyNoIDAE HARMOTHOE IMDRICATA
.-. . . . . .

lofo8174 0001 ”-”-’ 1 0.2? ““””0.0(39”  ().0’2 “—3—0.030

4801O117O1 POLYCHAETA POLYNOIDAE HESPERONOE  COMPLANATA 10109174 0 0 0 2 ,  1 .0.27  -.o.315_.o.71  . _ . .——..— -. . . . . . . . . . . ._, . -- ——- 3 1.050,

48OIO2O1O1 POLYCHAETA POLYODONTIDAE  PEISIDICE ASPERA 70108174 000? 2 0.54 0.075 f.).(13 7 0.050 ‘x x
4801O2OIO1 PO1.YcHAETA POLYODONTIDAE  PEISIDICE  ASPERA—-. . -....—- . . 10109174 0003.-._,.3,-,.O.82 r).nc)2-r  l.oo_-Jo—_o.oo7. . . . ..-. —— -- x x

SUBTOTAL 5  1.36”” 0.017 0.04 17 0.0s7

4801050101 POLYCHAETA-  $IGALION IOAE.,PHLoE.  N1!uT! .._. _ _ . .. . . . . . . ..— . 10109174

6801120205 POLYcHAETA PHYLLODOCIDAE  ETEONE  LONGA 70109/74

‘&-801120307— POLYCHAETi”  -PHYL”LODOCIDAE  EULALIA NIGRof4ACuLATA
-—. . _. .-,._._ _.

lolo9f74-
W
~ 4 8 0 7 2 2 0 7 0 0 fOLYCliAETA SYLLIDAE EXOGONE SP3 10/09174
‘48”0122070Q— POLiCHAEIA–SYLL  IOAE-”-EXOGONE “sp. “70109!74

0002 1 0-27 o.r)02>_o.oo 3. . —  — — . .  .—. .0.007

0003 1 0.27 0.001 0.00 3 0.003

0 0 0 ’ 2 - — - — ’ ”  - ‘—
----

1 0-27 0.001 0.00 3 0.003

0002 1 0-27 0.001 ,_..o.oo 3 0.003
0003‘ 1—’ 0 . 2 7- —0 . 0 0 1 o . o o — — -3 O-onx-----

SUFJTOTAI. 2 0.54 o:nn2 0:(’)0 7 0.007

‘Z80f221001
.—-.“—p~~YCH’AETA  SYL-L’lDAE-’~ANGERHA~SIA--ORNUTATA_ . . .

lfi/09{74  0 0 0 3 — ” — ”
— .

2 0.54 0.011”-–0.02 — — 0 . 0 3 77 x
4801221001 POLYCHAETA SYLLIDAE LANGERHANSIA  CORNUTA 701O9I74 0002 1 0.27 0.001 0.00 0.003 x

$UEITOYAL  ,, --- ,-_3  0.82 0.012 0.03 1:. ---- ——- TI*041. — —

@
&801230000 POLYCHAETA NERI?IDAE 10109/74 0003 3  0.82 0.008 0.02 10 0.027

~R012LOf03—PO’tiYCHAETA- NEPHTYIOAE  ”NEPHTYs-coEcA  ’’”--” “+0/09174 0 0 0 3 - —  .-”1 0.27
..—- —

—-0.004-”-” 0.01 3 0.013

POLYCHAE1-A_NE,PH_TY_IDAE._NE.?H  ~.Y5.._PJNcI!AT?480124O1O5 ..__-..-—-——.— l_o/08/7.4..000l 1 0.270.194 ._o.$4 3_O.. 6.4-7 x

&801260101 POLYCHAETA GLYCERIDE GLYCERA CAPITATA JOI09174 0002 2 0.54 0.079 0.18 7 0.263 X x
— . ..-—

&801270201 POLYCH”AETA -60KJIAD10AE “GONIADA  A’NNULA-TA
— — —  .—-

3olo917i -ooD3—-””” —” ‘“1 0.27 0.001 0.00 3 0.003 x

48013!)0105 PoLYcHAETA Lu9RINER IDAE-LUMBRINERI S.SIMILA,BRI.5_ 15 4.08,_._o.348  __Oe7gJOI09174 0 0 0 3  . . _— .
48013OO1O5

_5 o_l.16(1 X x x x
‘POLyCHAETi-  LUgRINER IDAE LUM8RINERIS  SIMILAEIRIS 70/09174 000.?.

L8013OO1O5
12 3.26 11.2t)9  0.47 60 0.697 X X x x

POLYCHAETA LU9RINERIDAE  LUMBRINERIS  SIMILAEIRIS lo/rJR/74  f)rlcil S 1.36 1.253 2.83 17 4.177 X x x x
.—-—— —- SUBTOTAL. . . . --- .,_._32._8,70 .._-l.810_.  4,09_.3.()-6*033

4801400301 POLYCHAETA PARAON1OAE PARAONIS GRACILIS 10108174 0001 1 0-27 0.001 0.00 3 0.003
—---  - - - - - -. -— .—.

&801420201 POLYCHAETA SPIONIDAE LAONICE CIRRATA
..- ——. - .. —.. —..

lo;ti”6/?4-’ho-o-3 1 O*27 0.018 0.04 3 0~0-6 O



GULF OF ALASKA BENTHOS  - - GRABS  TAKEN JULY 74 THROUGH MAy 75 03?12/76 PAGE 53 “

CRUISE 200 ST~lON 057 PE~~E-N~-S_~EFER  TO TOT~~_C_OLI-E_Cfl_IO.~S AT THIS STATI.ON

SAMPLE SAMP COUNT WET WEIGHT PER S0 METER
TAxON-CODE— . . T A X O N  .Nfi~E_ _DflTE NO ● _N.o =___ ?.c T_ GRAMS PcT N o . _— . .  — WWGT 31T CRITERIA

48014Z1OO3 POLYCHAETA SPIONIDAE SPIOPHANES  CIRRATA 70109!76  0002 : 0.54 0.009 0.02 ? 0.030 x x
——--- - - .——. . . . . . . . . --- . --- -.—- .- -

4801490300 POLYCHAETA  CIRFiATtii’10AE THARYX SP-
-..—— — --- .—. -

10/09/7~0-002 1 0.27
-...

0 . 0 0 2  0 . 0 0 3
4801490300

0.007
POLYCtfAETA CIRRATULIOAE  THARYX Sp. 70108174  0001 2 0.54 o.fJn2  0.00

4801+90300
0.007

PoLYcHAETA cIRRATULIOAE.  THARyx ..sp.. 10/09/74.0003— — - . 6  .1-63_O.0C16 _I1.fJl—2:—.
SUBTOTAL

r).n20
9 2.4s C1.olo n.f12 ~~ 0.033

&801550101 PoLYcHAETA SCALIBREGMIDfiE SCflLIBRE$fl.?_-INy.L.flup_.70109/74  0002.— . . . . _._~’ol~ —. —.- -3 0.82— . — .. . . . . . . . -. 0.03 10 0.047-—

4801580209 POLYCHAETA CAPITELLIDAE  HETEROMASTUS  FILIFORMIS 10/09/74 0003 1 0.27 0.003 0.01 3 0.010 x
. . . . . .- —... . ..- -———.—

4801610000 POLYCHAETA MAL”DANiDAE
-— -- .—.

70/08176  0001 ? 0:2 7—- - “ “— -“- -0.011 0.02 3 0.037 X x x x

&~l):6101f)2 POLYCHAETA MALDANIDAE ASYCHISSIMILIS 10108174  0007 3  0.82_l.460._3.30 104.86? . x x x
‘48t11610102— POLYCI-IAETA” MALDANIDAE ASYCHIS SIMILIS——

. . —  -—
70109/74  rJo92 1 0.27 0.017 0.04 3

4801610102
0.057 x x x

POLYCHAETA MALDANIDAE ASYCHXS SIMILIS 10109174  0003 1 0.27 0.382 0.86 3 7.273 x x x
SIJBTOTAL. 5 _l.36——— 1.859— ------- .. ---- . . . . _.. _ . . . . . . . ------ . . . . . . ---- 4.20 17 . . . . .---- 6 ?97.—

4801610302 POLYCHAETA MALDANIDAE MALDANE GLEBIFEX 70108174  0001 3 0.82 0.013 0.03 10 0.043 x x
.&- -.

POi.YCHAETA “MALDANIOAE  RHOD’INE  ‘BITORtiU#iTAm 4801411001—” 1 “ 0 / 0 8 / 7 4 - 0 0 0 1 — — ” ’ - -  “—  ‘—””1 0.27 0.012 0.03—--—---””””3 0.040
G 4801611001 POLYCHAETA MALOANIDAF RHOOINE BITORQUATA l@/1-19f74 0003 1 O*27 0.006 0.01 3 o.02n

—.—.—. ——. . . .- —.. -. .-. . . . . . . . . . . .- ,. SUBTOTAL 2 0.5L ._o .0 ~0.018 7 q.n6g. — . — -  .——

4 8 0 1 6 2 0 2 0 1 POLYCHAETA OUENIIDAE MYR1OCHELE HEERI 70109174 0003 1 0.27 0.001 0.00 3 0.003 x x x

~6-01630102 POLYCiiAETi  ”SARELiAR$IOAE “IDANTHYRSUS iliMATUS iofo8/74-”oooi—-—
..—

1 0.27
—- . ..—_ -— . .—

0.010 0 . 0 2 3 0.033
480163O1O2 PoLYcHhETA  SA9ELLARIIDAE  IOANTHYRSUS  ARMATUS 70/09174  0002 ? CJ.27 O.rlf)? 0.00 3 0.007

~-.—-. ..—.— . . . . . . . . ...-” . . .- SU8’tOTAL 2  .0.54 _o.cl12._n.03 7. . .. ------- . . . . ..- 0.04.0

,4801650000 POLYCHAETA AMPHARETIOAE loto9/74  0002 2 0.s4 0.006 0.01 7 0.020
3~~lb50(loo POLYCHAETA A~pHARETIDAE  --- --,-,=__,--  - ----- 7~~09~74  .oo~2..._-:- _.o*545: =::;=::;  _+:;--.–. .-.—--

SIJFJTOTAL
7 0.017

1.09 . - 13 0.037

4801650207 PoLYcHAETA AMPHARFT IDAEAMpHARETE G,oEsI  ___________ ~o/09/74  0003___5--.l=36 .-_-..02z2_O_05OJ7_7_— ... .— 0 . 0 7 3

480165!3501 POLYCHAETA A~PHARFTIDAE  MELX!JNA  CRISTATA lo/09f74  0003 3 0.82 0.0?0  0 . 0 5 Ifl 0.067 x
48016S0501 POLYCH4ETA AMPHARETIDAE  MELINNA CQISTATA 70109174  orln2 ?0.27 0.009 O.(-I2 3 0.030 x

‘48016505nl‘POLYCHAETA  AMPHARFTIOAE  MEI.INNA  CF!ISTATA  ‘--–—--”10f08/74 fJf191
—-.

3 0.82”---
. — .  —

(1.olo–  0.02 10 0.033 x
SUBTOTAL 7 1.90 0.039 0.09 23 0.130

. ..—
Y 8 0 1 6 7 O 1 O 1 PoLYCHAETA  -TERERELLI  0AE”TERE13ELLIOES  STROEMI‘—”i0108174 0001

— — .—-.
2 0.54 0.CJn8–-O-.02—--- ‘“”7

480167O1O1
0.027 X X X

P O L Y C H A E TA TEREFJELLIDAE  TEREBELLIf)ES STROEMI lolf)917b ono3 1 0.27 0.007 O.nfl 0.003 x x x
____ . . . ..— SIJFITOTAL ,_-–3 0.82 cJ.on9 ,._Cl.f12 1; 0.039. ..- —  — - . .

4801680102 POLYCHAETA SARELLIDAE CHf)NE  INFLJNDIFJUL  IFORMIS lflin9174 0003 3 0.82 0.011 0.02 10
$

0.037
—  .  .

“aoiz83201
.—— —— ..—.

POLYCHAETA SABELLIOAE EUCHONE ANALIS “ 70109174  o13rJ2 1“ 0.27

i“

0.002––0”.00——---- -”-----3 0.007

,— —----— - .. —— .-. . . . . . . . . . —.- ..- . ..-



CRUISE 2110 STATION 057 PERCENTS REFER TO TOTAL COLLECTIONS AT THIS STATION—. . . . . _______ . . . . -- . . . . - - . — _

S A M P L E SAVP COUNT WET WEIGHT PER SQ METER
TAxON CODE TAXON NAME-...—. —-. — DATE NO.a NO. PCT-. —._ . .—. .-. ___ ________ .- _ ___ . . . _________ . GRAMS PCT NO- WWGT 31T CRITERIA-.. . . . ——- .——. . .

4903020302 MOLLUSCA POLYPLACOPHRA  ISCHNOCHITON  ALBUS 70/09/74 0003 1 0.27 0.019 0.04 3 0.063
.— . .

~904”000000  MOLLusCA--PELECYPODA””
.._-. — .. -._. . . . . . . . . . . . . . . . . . .

70109}74 flog2”-”-
--— -—

1 ““0.27 “-- 0.027”-0.06 3 0.090

L90L020201 MOLLUSCA PELECYPODA  NUCULA  TENUIS—.. . . ..— - -- 70/08/74 0007 1 0.77-. 0.012 0.03 3. . . . .— _ .-—. —-. . .–- . ..-– fJ* o~ o-.+x x

4904030201 FIOLLUSCA  PELECYPODA  NUCULANA  PERNULA 10}09174 0003 2 0.54 ().099 0.22 7 0.33D Xxxx

T90407020t‘MOLLUSCA  PELECYPODA  cRENELLA DEssuCATA -”-’”--——-—  “10/09/74 0003
. — —

12 3.26”-”
--—-. —

0.082’ 0 . 1 9  40
.——

4904070201
0.2?3 x x

MOLLUscA PELECYPOC)A  CRENELLA DESSUCATA 70/08174 Of)o? 14 3.80
6904070201

0.773 0.39 47 ri.577 x x
MOLLUSCA PELECYPOOA  CRENELLA DESSUCATA—. .- —.— -70109174  0!702. . 19 5.16.- —- .__. __.O.188. O-~2 63_0.627

SUBTOTAL
x x— .

45 12.23 0.443 1.00 150 1..477

4904070509 MOLLUSCA PELECYPODA  DACRYDIUM SP. 10/09/74 0003 1 0.?7—..-. .—. ,...0.009 0.02 _- 3__. . ————. . ..--. — 0.030. x

4904070601 MOLLUSCA PELECYPODA  MODIOLUS MODIOLUS 10/09174 0003 1 0.27 0.018 0.04 3 0.060
490L070601 MOLLUSCA PELECYPODA  MODIO$U-S,MODIOLUS- 10/09/74 0002—-. . . . . —— .—. —.. . .—. . 2 0.54 0.251? 0.56 7 0.833. — .  .

SU13TOTAL 3 0.82-–” 0-268 ““0.61  — - —10 0.893

490L?302C1 POLLUSCA PELECYPODA CYCLOPECTEN  RANDOLPHI ~n/n9f74 0002
‘492k08n201

— . .  ...fJ=~71 0.003 0.01 3 0.010 x x x
MOLLUSCA PELECYPODA  CYCLOPECTEN  R A N D O L P H I— — —” 10/08/74 0001 2  0.54”-”- 0.043 -o.lo”-—-” —7 0.143”—”-- ‘“x x x

~ &90Lf180201 MOLLUSCA PELECYPODA CYCLOPECTEN RANDOLPHI lfl/09/7L  0003
w

2 0.54 0.019 r).r)4 7 0.063 x x x

~ - _ ,SUL3TOTAL 5 1*36..-. —- .. —.- .—, .—. .--— .- . . . . . —. ._ ._. ._. -. —__ - 0.065 0.15 17-.—— — . . - 0.217—.

4904110703 MOLLUSCA PELECYPODA  ASTARTE MONTEGUI lofo9174 0003
L90411011)3

1 Oo27 0.016 0.04 3 0.053 x x x
MOLLUSIA  PELECYPODA ASTARTE  MONTEGUI lo/ox/7L nnol 4 1.09 1.8?2.._;.;;_1 3._ 6.240

—4904110103 ‘–MOLLuscA”  PELECYPODA ASTARTE NONTEGU1
----- -—.. -— x x x

IOIOQ174 13n02 4 1.09”—’0.952 13 3.173 x x x
SUBTOTAL 9 2.L5 2.840 6:42 30 9.467

—-
‘i904120111 HOLLUSCA–PELECYPOT)A--CY CLOCARDIA “VENTRICOSA 10/09/74””0002

4 9 0 4 1 2 0 1 0 1
2–6:54 0:072—0.16——””’7 O.?&i x x x

MOLLUSCA PELECYPODA  CYCLOCARDIA  VENTRICOSA 10108I74 0001 3 0.82
L9L1412r2101

0.161 0.36 10 0.>37 x x x
MOLLUSCA PELECYPODA CYCLOCARI)IA  VENTRICOSA—-- —.---——..—— - -.. ..— 10109174 00032  _o.5L __.o.2on  _o.45_ _ _ _. . ..- 0.667. x x x

+C. SUBTOTAL 7 1.90 0.433 0.98 2; 1.443

‘-904150201
4

MOLLUSCA PELECYPODA.A  XINOPSIDA SERRICATA 10/09/74 0003 _5 1.36._. 0.097,_.O.?2 ,_O.323 X  X_-_%17
‘--’904150201‘i40LLuscA pE L EC Y P O D A  AxINOPSIOA  SE R R I C AT A 10/08/74 0001 3 0.82 0.051
4904150201

0.12 10 0.170 x x x
MOLLUSCA PELECYPODA  AXINOPSIDA  SERRICATA in/09/74 0002 1 0.27 0-024 O.(I5 3 0.080 X X X

SUBTOTAL——- . . . ..— -— —-. ..— . . . . . . . ..,_~._2.4 ‘5---- _O.172__0.39 3 0 0.573—.——

&904290103 MOLLUSCA PELECYPODA  CLINOCARDIUM  FUCANUM 10/09/74 0002 7 1.90
L9042IJO1O3

1.630 3.68 23 !5.433 x
MOLLUSCA PELECYPO~A  CLINOCARDIUM  FUCANUM 1fIroR174  onol l_O.27 _-O.724 1.64 _.2.413 x

‘49CL20C103-–-M OL LUSCA PELECYPOOA  ”CLINOCARDI UM FUCANUM ‘ —1 0 / 0 9 / 7 4  n o o 3 5 1.36
— .

0 . 4 1 9 ” - 0 . 9 5  1; 1.3Q7 x
SUBTOTAL 13 3.53 2.773 6.27 43 9.243

‘49042l050j”–- MOLLUSCA PELECYPODA  PSEPHIDIA LORDI
— — — . . — -

“10/09/74 (7003
— - .  —

7 l.90’”--
4904210501

0 . 0 5 2-0 . 1 2  2 3 0.173 x x
MOLLUSCA PELECYPODA  PSEPHIDIA LORDI 10/08/74 0001

4904210501
10 2.72 0.072 0.16 33 0.240 x x

MoLLusCA PELECYPOOA  PSEPHID I~.LORr)I.—___ l,ol.09f74  noo?.._ –.——. - -—— ..- .—— . 9 2.45 x-_.O.119,._.O.  27._.3CI _ct.397 x
SUBTOTAL 26 7.07 0.243 0.55 87 0 . 8 1 0
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CRUISE 200 STATION 057 PERCENTS REFER TO TOTAL COLLECTIONS AT THIS STATION—.— .. —..- —. ..- —. —. . - —.......- —.— -— -.-— -. . . . . -. . . .-— ———— —-

SAMPLE SAMP COUNT WET WEIGHT PER SQ METER
TAXON CODE TAXON NAME DATE.___.NO. No=_<c.l_ ._— -.—— — . -. -— —...- .- GRAMS PCT NO+._.YwGT 31T CRITERIA

690L290201 140LtusCA PELECYPODA  HIATELLA ARCTICA 70109/74  0002 : 0.27 0.024 0.05 3 0.080
—----- .-. . . . . ..-—

330i330202“-YO~i’iIS”CA””  PELECYPODA”””LYONS IA PUGETTENSIS
. .
1 0 / 0 9 / ? 4 -0 0 0 2 ”—” –- “ - “ - — ”1 0.27 0. 307—”0.69—–—–––––––– -3 1.023

4905050201 MOLtUSCA _G4STROPODA_LEPETA  .CAECA- 10/09/7~-0002 1 0.27_O-0f19_fl,02 0.030.
‘49f)Sf1511201-” MOLLUsCA GASTROPoOA  LEPETA cAECA 10108174 O(lnl 1 0.27 O.nnh o.ol——; 0.013
490505!)201 MOLLUSCA GASTROPOOA LEPETA CAECA 10/09/74 0003 5 1.36 0.055 0.12 17 0.183

SUBTOTAL 7  1.90,_0.06R_Os15  2 3—— . . . . .. --—. --- . . —- -—”—. 0.227

G90S270209 MO1.LUSCA  GASTROPODA VELUTINA LAEVIGATA 10/08/74 000+ 1 0..27 0.03?  0.07 3 0.107
——-. . . ..-— —— ..-— .
49053f4010j MOLLUSCA GASTROPODA—AMPHISSA  COLUM81ANA

. . —  .  .— —.
JQio9i7i-”-ooQ3 7

——-.
6:27 0.094 0.21 3 0.313 x

-5328020101 cRUSTAcEA cU$lACEA LAMPROPIDAE  LAMPROPS_f_USCATA lolo9/75..oor)3 2  o.5~
S32802O1OI

. ..-..—— _o.oo3_o.nl 7 _o.olrl - . “
‘cRUSTACEA”cUMACEA  LAMPROPIDAE  LAMPROPS FUSCATA 70108174  oorl~ 2  0.54 rl.or16 Clot 7 O.(lzn

5328020101 CRUsTACEA cuMACEA LAMPROPIDAE  LAMPROPS FUSCATA 10109/74 0002 1 0.27 0*Of16 n.ol 3 0.0?0
—.——. ._. _—-— . . . . . . . . . . . SUBTOTAL 5 1.36--- . . . --- .—— —-. 0.015 0.03 77. — —  .  .— 0.050

S328040201 CR CUMACEA LEUCONIDAE EUf)ORELLA EMARGINATA 10109176 0002 1 0-27 0.006 0.01 3 0.020 x x
.—-.

~—5”328040301 CR CuMAcEA LEuCONIDAE EUDOREii.OPSI  s’”iNTEGRA
. . . . .

- 53280L0301
1 0 f 0 9 / 7 ( ” O 0 0 2 — — - -

— ..—. -. .
7 0.27 0.001

-- . .
().00 3 0.003

CR CUMACEA LEUCONIDAE EUDORELLOPSIS  INTEGRA 70/08174 0001 2 0.54 0.001 O.on 0.003
—. -.. . .-- —.- .— .- . . . . SUBTOTAL .._3_.n.~2. . . . . . . . ..-- .— - _ o.nrl?_-o.no  1:— . rl.oo?.—...—

5330120000 C R U S T A C E A  IsOPODA ANTHURIDAE HYSSURA SP. 70109174 0003 1 0.27 0.001 0.00 3 0.003

‘533t000000—CRUSTACEA  AMPHIPODA ‘- -” ’-- ‘ - - –” --- -’--—’—---- 70/09174 oo03—-—————18 4.89
— .

— 0 . 1 1 2  0.2STT--””-”0.373
53310f)nf100  CRUSTACEA AMPHIPODA

x x

5331nf)f)fID1-1
10/091?4 00(’)3 2 0.54 0.001 0.00 7 ().003 x x

cRUSTACEA AMPHIPoDA >o/n8174 ooo~ 75_4.03
‘5331000000—CRUSTACEA  AWPHIPODA

n.079-- -——.— 0.18 50 0.263 x x
?oln9/7fl on!12 3 0.82

— .
‘tls03L-”0.@8  10 0.113 x x

& SU8TOTAL 38 70.33 0.7?6 n.sl 127 n.753

‘ 3 1 0 2 0 1 0 1 — ’
@

CRUSTACEA AMPHIPODA AMPELISCA-”MACROECEPHA~~——--–”l 0/08/74 OnOf 9 2.45 ”””-’ 0.067  0.15 30—0 . 2 2 3
— .

331020101 CRUSTACEA AMPHIPODA AMF’ELISCA MACROECEPHAI.A
x

30109174 0003 9  2.45 n.f170 0.16 30 0.233 x
—---- .- —-. — ..-. .- - . . . . . . . ..—-.. suBToTAL ___,18_ 4.89_0.137_0.3160 o.~s.7--- ..-

S33102O2O1 CRUSTACEA AMPHIPODA  EYBLIS CRASSICORNIS fnto9/74  0003 2 0.54 0.027 0.06 7
_5331020?0?_

0.090 x
CQUSTACEA AMPHIPODA BY5LIS CRASSICO17NIS,  ._-.-,_--_-OQ/7L/7L  OfIn2 ..__ 1 0.27. r).onh 0.01 ._ 3 o.n13 x

SU9TOTAL 3 0.82 0.031 0.07 1 0 — 0 . 1 0 3

5331020301 CQUSTACEA,AM PHIPOOA, HAPLOOPS TU131CULA 1 0.277ofo9(74 0003. . . .–-.——— . —--— . . . ..-. -—— — .—-. 0.005 0701 3 0.017 x,.-— .—-——

5331620701 CRUSTACEA AMPHIPODA  PARAPHOXUS  RORUSTUS 10/09/74 0002 1 oa27 0.014 0.03 3 0.047

‘533142!1702--CRUSTACEA  AMPHIPOnA PARAPHOKUS  S I M P L E X  “ ’  ‘“ 10109f76 0nQ3 ““ .4 1.139 r).0311 “O.O7-—I3-—-O.1OO

53319$117722  CRUSTACEA AMPHIPODA CAPRELLA STRIATA 70/09!74  0003 ..-_.,2 .0*54
‘5331980722

-0.003,-, 0.01 7._o.olo
‘-cRUSTACEA AMPHIPODA CAPRELLA STRIATA

. . . . . . . ----
10/08/74 0(’)01 1 0.27” n.r)ot n.flo — 3 o.no3

SUFITOTAL 3 0.82 0.004 0.01 10 0.013
—-—— .-. .— ..—. . -—-—  .-—. .

—.——.-.—.—. - . . . . . . . . . . ——— —.— -.



CRUISE, 200 s T A T I O N  0 5 7— . .——. . . . . . PERCENTS RFFER TO TOTAL COLLECTIONS AT THIS STATION - ._ -_ . . —. -----

SAMPLE SAYP
TAXON COi)E

COUNT WET WEIGHT PER SQ METER
T AXON N A M E—.- .—.. -. .-—.- .-— . ____ DATE NO. NO. PCT GRAMS PCT NO. W W G T 31T CRITERIA

5901010101

. . . . _____ .. ___

SIPUNCULIDA GOLFINGIA MARGARITACEA 70/08/74 0001 5.512 ~.?.46 18.373
5901010101

x x x
SIPUNCULIDA GOLFINGIA MARGARITACEA 10/08/74 nllnl— ; :::; 0.102 ().23 1:

5901010101–-
0.340

SIPUNCUL1f)A  GOLFINGIA MARGARITACEA
-. ..-. . . . . . . . x x x

5901010101
10/09174 orlr13 4 l.o~ 7.698 17.4fl 13 25.660

.——- .- ---
x x x

SIPUNCULIDA GOLFINGIA MARGARITACEA 10/09}74 rlno2 4 1.09 0.929 2.ltl 13 3.097 x x x
. . . . . . ._ SIJBTOTAL  ._ 12 3.26 14.261 32.18---- ..-- .-.. —- . . . . . . . . . . . . . . . ._——..-—- 40 47.470--- . . .

6600000(309 ECTOPROCTA 7(IIOP8!74  0001 1 0.27 0.145 0.33
6600050000 ECTOPROCTA

3 0.433 x x
. . . . ..— — . 10/08/74 0001 1 (3.27 0.7(74 0.24.— -—. . . . . . . . . . . . ..—. . ..- .-. __ ,_____ ____ ._, 3 11.347..— —. -- x x

SLJEITOTAL 2 0.56 0.249 0.56
.— .-— -—

7 0.830

6603069101 BRYOZOA CLAVOPORA OCCIDENTALIS 70108174 0001 2 0.54 0.004
—~6n3176~lof—

0.01 “ 7 0.013 %
BRYOZOA C L A V O P O R A  O CC I D E N T A LI  S

— — — — - - - - — -” 70109174 IlfIr12  --” -- 8 2.17 ““ f).021
- — .  -.-—

0.0S 27 0.070
6653969101

x
f?QYOZOA CLAVOPORA OCCIDENTALIS I(710917L  0(7(73 7 1.9fl f).r)20 O.(I5 23 0.(367 x

. . . . . . ..-. ——. .-. SUBTOTAL 17. 4.62 .-_,O.O&S-  0.10 __57__,0.150-— - - --—..——.— — —  .—-——— -—.

6 7 0 0 0 9 0 0 0 0  BRACHIOPODA 10/09/74 0003 1 0.27 0.646 1.46 3 2.153 x
6700000000 BRACHIOPODA. . . . . . . . . . . . . 7171n9174  ollfJ3 — .  .~*271— . 4.197 9.48 3_.J3.990 x

SUBTOTAL 2 0.56— ““””.4.rjfb3 10.94 7 16.IL3

6302030101 ECHINODERM ECHINOI~EA.BRIASTER  TOWNSENDI 70109174 D~03 ,_... . — 1 0.27_ 0.012, 0.03-——..o.o~o3 X x x x

~ 6 ? 3 0 3 0 0 0 0 0 0  E C HI N O D E R M  OPHIUROIDEA 70/09174 0002 1 0.27 0.01-)7 0.02
w 6803000000 ECHINODERM OPHIUROIDEA

3 0-023 x
— . .. —._ —- .—— ____ . . . . ________ .-. _ 70108174 oonl 1 0.27 0.005 o.nl 3 o.nl~ x

SUBTOTAL “-”—2—”n .54”-—”-  ‘ - ”  “—”—0.012 o.n3 7 0.040

6 8 0 3 0 9 0 5 0 3 E C  OPHIUROIDEA OPHIURIDAE OPHIOPENIA VACINA—-. . . . . . . ..— . . . . . ..-——. ________ 7ofo9174 0003-. .._-.o~ 27—.1 0.042-_O.09.._._o- 1 f’Q3

720COCIOCJCJ0 TUNICATA 70109174 0003
722300f)nO0 TUNICATA

2  0.54 0.162 0.37 7 0.540
7nlo9174 ono2—— .—— . ..-. .—— — 2 0.56 7.264 2.86 7 4.213,

SUBTOTAL — ‘ - -  1 . 0 9 ”- -1 . 4 2 6- –3 . 2 24
.——. —

13 4.753

9999999999 UNIDENTIFIABLE .10/08/74 0001 1 0-27 o.f)19,_o.04 - ,-,_CI.063
— 9 9 9 9 9 9 9 9 9 9 UNIDENTIFIABLE

3 x
~otn9176 0 0 0 3— ” ’—  ‘—”1 0.27 0.494 1.12 3 1.647 x

SUBTOTAL 2 0.54 0.513 1.16 7 1.710
.--—

. b STATION--TOTAL--”-” “-—-—””” ‘--’–”–”—” ‘-–-” ‘“-368 44.252 1227 147.507
\ ,., !.,
n SIM~SON INQEX 0-047788 ..$HRN.hJoM_DLVJ !l$_lLL~MEL._~d  33 722

.— -



GULF OF ALASKA 8ENTHOS - - GRA8S TAKEN JULY ?4 THROUGu MAY ?5
G
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_c.RuIsE_20.2 sTATIo.N_9D_?_ _pE.RcENIS_I?_E.f E.R_?.!J_TgT.qL_  c.OL.LE.C.T.10.fl%.A  ?._T.H.IS_S.T&T I.O.N

Q SAMPLE SAMP COUNT WET WEIGHT PER SQ METER
TAxON_CODE— . . TAXON_NA-ME- tIATE._. NOa__NI)o.  ._.pc?—- — . — GRAMS- .PC.T_. N O . _WW,GT _.-_31T CRITERIA——.— —

e 4801000000 POLYCMAETA 77118/74 00t)? 1 5.00 0-150  0.84 3 O.sf)(l
— . .. —..._.__ . . . . . . . . ._-,_

L$o12&Olll POLYcHAETA NEPHTYIDAE NEPHTYS FER~lNEA
---- . ------ --— .— ------- -—-. - -—.. ----- .—
7JIJ81?4 0001 1

e
5.00 0.040 0.22 3 0.133 x x

4801240111 PoLYcHAETA NEPHTYIDAE NEPI.ITYS FERRUGINEA ‘17{18176 0003 1 s.nrl n.of!o 0.45 3 0.267 x x
_-.SUFlTOTAL 2 lo.~~._.  —n.lzll 0.67 7O,&n?

* 4801280102 POLYCHAETA ONUPHIDAE ONUPHIS GEOPHILIFORMIS 1~118174 0002 1 5.00 0-246 ?.37 3 0.820 X x x x x
..—

‘480157O1O1
. . -

POiYCHA”ETA -STERNASPIDAE ‘STERNASPIS  SCUTA-Tii
.-.
11/1817k-6002—–-  - ‘0;087—-0:49 0:290

9
3 X x x x

480157O1O1 POLYCHAETA sTERNASPIOAE STERNASPIS SCUTATA 71178f74  0003 ; 1;::: 0.020 0.11 7 0.067 X x x x
480157O1O1 POLYcHAETA STFRNASPIOAE STERNASPIS SCUTATA— ..—— . 111’IR174 00073  15.00 o.zrll 1.120.67@19 XXxx

@
SUBTOTAL 6 30.0fl—0-3(’)8-1.72  zo 1.027

4801610nO0 POLYCHAETA MALDANIDAE 7q/]a/74_gop2 1 _s ● 00 . . . . . . . .—----- -.... — -— ---- . . . .—---— . ..__— .— _-_Q-114 0.64 3 0,380. X x x x

o 4 8 0 1 6 5 0 5 0 1 POLYCHAETA AMPHARETIDAE MELINNA cRIsTATA ~~jjar74 0003 1 5.00 0.132 0-74” 3 0.640 x

— 4 9 0 1 O 3 O 1 O T — ’MOLL”USCA APLACOPHORA  CHAkTOOkRWA”--i70flUSfA ?-1/18/74 -”0003—~—”s.oo-—
—- . .

e 4901030101
o;o(17 ().04

--- -.
3 0.023 x x

MOLLUSCA APLACOPHORA CHAETODERMA ROBUSTA 11118/74  0001 2 10.00 o.n30  n.17 7 o.~on x x
P——.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . ------ . . . . . . . . ___ _SUBIOTAL- 3 ls.on n.037 0.21 10 0-123
w

—- -— -—. -.—— . .

●  m .  4 9 0 4 0 0 0 0 0 0  MOLLUSCA PELECYPODA 77118)?4 0003 1 5.00 0.003  0.02 3 0.010

0

. . . ..—. . . . -_
‘ 4 9 0 6 O 1 O 1 O O MOLiuSiA  --sCAPHOPODA  ””tiEfitiC~Uii  SP

.-.
1?/18/74–”’000’1

—----- ..— ,-. .. ____ .
1 5.00 o.1~1 0 . 7 9

. . . .
3 0.470 x x

_6807030101 ECHINODERM ECHINOIDEA ERIASTERTOWNSENDI- IIIT8174 0003 . .._.
6802030101—’

1 5-00 ?l.000_61.43 3  3 6 . 6 6 7 X x x x
ECHINODERM ECHINOIDEA BRIASTER TOWNSENDI 71118174 nnn2 5.nn”— 5.6n6 31.3?

.—— _
3 18.687 X x x x

SUBTOTAL i 10.00 16.6n6  92.73 7 55.353
..—

‘6~0300”0000 ECiiINODERM OPHIUROIDEA-”
.- . . . .— ---- . . . ..- ----- — _ — .

“77/18174 0001 1 5.00--”” 0;050–’0;28
. — . .

3 0.167 x

——-— —....-... - . . . STATION TOTAL 20 17.907. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . _.-. --—. . . . 67 59.690. . . ----- ——. . . -

SIMPSON INDEX 0.?05263 SHANNON 01VERS17Y INDEX 2.1S4783
-- —--- .- —. —-— —. ___ . . . _____ _______ . . ._ . . . . . . . . .__ . ..__ -------  ._ ._.

———— . -- . - .——— —— .-. ____ -—. .—— - . . . . -,, . . . . .

— —. —---— -------  _________  _________  ._. . . . . - . _ _____

-.—— - ..- .---— —.---——  . . . . . . . . ------- --. .-—...  -——-—. - ..— ,- . . ._ ---- .-— ____ ___

D
— —-—..- —-- —-— — ._. -. _____ . . ._ ___ ._ ., ______

B
—- . . .— _. _... .—

D



GULF OF ALASKA BENTHOS - - GRABS TAKEN JUL-Y 74 THR=G–H=~Y—75 03fj2176 P AGE 64

CRUISE 80S STATION 040— ..-. — .. —,._ .._ . ..-. PE_RCENTS  REFER TO T~T~-l’ COLLECTIONS  AT THIS’’STATION—. ______ .—. —. _________ ._

SAMPLE SAMP COUNT WET WEIGHT PER SQ METER
TAXON.-COOE TAXON NAME NO,._W14GJ__. . DATE. . . . . . . NO-._NOs._.pCT._...GRAMS_.  .,PCT---— - .—— --- . . 311 C~I~E~IA

4000000000 NEMERTEANS RHYNCHOCoELA 021Z8f75 0004 1 0.81 1).llZ 0.23 3 ().280 x
—-...

& 80 1 0 “ 0 - 0  0 0 0— ‘ - – - -“ - ‘ ------- ” -” —— —POLYCHAETA
-... . ..—-.
02/2il175 0001

.-. _ _ . ___
1 0.81 0.0?5 0.05

48fl?CJOOOO0 POL7CHAETA
3 0.063

02/28175 0002 1 0.81 0.028  0s06 3
. . SUBTOTAL

0.070
— - .—----- . .- . ------ -. —.. .—. . ..-- .—. .— ?_.1.63 _.o.os3,---11ll 50 . 1 3 3

4RO?120205 POLYCHAETA PHYLLOOOCIDAE  ETEONE LONGA 02128f75 0004 1 0.81 0.025 0.05 3 0a063

‘-480124010S“—POLYCHAETA ”NEPHTYIDAE ‘NEP”HtYi--PUNCTAl-A 0’2/28/75 OOOi—-—”1 0.81 ‘0-285--”0: 5 8 — ” ’ — ’ ”3 0.713 x

4 8 0 1 2 6 0 1 0 1 pOLYCHAETA GLYCERIOAE GLYcERA CAPITATA— . 02128/75 00032 1.63 0.088 0.18
‘48flT26(l111

o.22n x5 x
POLYcHAETA GLYCERIDE GLYCERA”  CAP[TATA- 02i28175 0006 2 1.63—--o18”8”o-r14rl4 5 0.045  x x

SUf3TOTAL 4 3.25 fl.lg~ ().22 10 0.265

‘6001270201 ‘POLYCHAETA GONIADtDAE ”GON1’ADA”ANNU~ATA Q2/28/75 0001—-–2 1.63 “ 0 . 0 7 9- –0 . 1 6-—-—-ti:198  x5
&801270201 POLYCHAETA GONIADIDJIE GONIADA ANNuLATA 02128175 000L 1 0.81 0.023 0.05 3 0.(758 x

—... .- . — -- . . SUBTOTAL 3 2.L4 o.ln2  0.21 8. . - .  - - - - ,. 0.2s5—.- —- . . . . . - - -  — -_

4801280102 POLYCHAETA ONUPHIDAE ONUPHIS GEOPHILIFORMIS 02!28175 000L Z ?.63 0.020 0.04 5 0.0s0 XXxxx
681312Roln2— . POLYcHPETA ONUPHIOAE 0NUPH15.GEOPHILI  FORMI S 02128/75 0003. . — . 1 fl.fll. 0.074 .,__o.15 3 0.185 X x x x x

SUBTOTAL ““——
.—

3 2.44
—.-.—

<
0.094 0.19 8 0-235

48013f10100- -.-_LuM9R INERIs._sP.. . . . . 02128175,.000L 1.—. --- ———. — .— ..— .— .-- —___ 0-81-__).lo6_o.22 3 0.265

48013I)O1O5 POLYCHAETA LU9RINERIDAE LUMBRINERIS  SIMILABRIS 021?8175 (TO03 1 0.81 0.047 0.10 3 0.118 X x x x
4801300105 POLYCHAETA Lu9RINERIDAE LUMFJRINERIS, SIMILABRIS 02/28175 0004 3  2.’4.4 0.115 0.23 8 0.288 X x x x

‘48013OO1O5 ‘POLYcHAETA LU9R1NERIDAE t.UMBRINERIS  SIMILABRIS 021281?5 0001‘ — 1 — 0 . 8 1— 0 . 0 4 6— 0 . 0 9— ”  “  ‘——3 0.115 X x x x
Sll13TOTAL 5 4.07 0.2f18 0.42 13 0-520

‘f801400201“—POiYCIiAET4”-PARAONIOAE /iRICIDEA  SUEC’XCA
.— ---- .— -

02128175 0002
—.—

1 0.81—-”0;001—0:00———”  ‘3 0.003

4 8 0 1 4 2 0 7 0 1 POLYCHAETA SPIONIOAE SPIO FILICORNIS 02123/75 ,0003— - . — - ? 0.81 0.007,.__o=, o!, 3 0.018. . . . . . . . . . . . -— -- --- .— x x

;“~RO1421003 POLYCHAETA SPIONIDAE SPIOPHANES CIRRATA 02f28175 0001 1 0.81 0.024 0.05 3 0.060 x x

+;8C15701OI ‘PO~YCHAETi” STERNASPIBA E STERNASP[S SctiTATA
.-. -.— . .

“ 0 2 / 2 8 1 7 5  0 0 0 3
— . .  .-.— —

3 2.44 0.338—0.6’+— ‘ — - ”8 0.8L5 X x x x
4?O157QIOI POLYCHAETA STERNASPIDAE  STERNASPIS SCUTATA 02!28175 Ofln4 4 3.?5 ().161
4801570101

0.33 10 0.403 X x x x
POLYCHAETA STERNASPIDAE sTFI?NASPIS SCUTATA Y02128175 0001 ? 0.8? 0.060 0.?2 3 n.?sn X x x x

—.801570101 ‘POLYcHAETA STERNASPIDAE  sTERNASPIS SCUTATA
.—-- ---- -——- . .-

02t?8f75 nnn2 2  ? . 6 3- —0 . 3 8 4
—  .—-—

0.78—  —5 0.960 X x x x
SUBTOTAL In 8.13 rl.943 1.92 25 2.358

‘L80161OOOO ‘POi.YcHAETA  MALDANIDAE
-—.—— .—— -

02/28175 0004 1 0.81 ––0.0?7”-- 0.0s—--—’-”-3 0.06i X x x x

6801620201 POLYCHAETA O!JENIIDAE MYRIOCHELE  HFERI 112128175 CIO173 ? 0.81 0.048 0.70 ._-o.7?f)  x x x ‘3
‘&80l670207””- POLYCHAFTA  OWFNIIDAE MYRIOCHELE HEERI ~?1r?~175  0(7(32 1 n.sl  -  n.053 0.11

—. .- .— ——
3 f)*133 x x x

L!301620201 POLYCHAFTA OWENIIOAE MYRIOCHELE HFERI 021?817S flnnl 1 0.81 o.on5 0.01 3 n.o13 x x x
4$30162020~-POLYCHAETA OYENIIDAE  MYRIOCHELE HFER I, _,_ . . . .._. .__.._.— — . 02/28!75 nnn4 - 7 n.~1 ___ n.@57 f-i.72 3 0.743 x x x

SURTOTAL 4 3.25 n.163”-0.33”— ‘—-ln 0.408

---- .—. - .—.



. . . . .,, ,,.  !.!!’ ‘,  .!,...,  ‘!, ,!, !.’’.’$ .,, ,!, . ~]3/12176  ““”” ‘—’ 65— .F’AGE

CRUISE 805 SJh TION 060—.. .-. —-. PERCENTS REFER TO TOTAL COLLECTIONS AT THIS STATION. . . . ..—— —

SAMPLE sA~P COUNT WET WEIGHT PER SQ METER
TAxON CODE TAXON NAME DATE No. NO. PCT— .- ..- --- ——.. -GRAMS PCT. NO---_WWGT-. ..-. .— --- . 31T CRITERIA.— .,...

4801660701 POLYCHAETA TERE5ELLIDAE PISTA CRISTATA 02128/75 0003 1 0.81 0.090 0.18 3 0.225 x

‘4801661201‘—POLYCHAETA’-  5PINOSHAERA ARTECAMA CONIfERA
. ..- . ..--— —

0212$3/7S 0004 ‘“- 1 0.81 ‘().229 ””0.&7
..—— .

3— 0.573”

4801670101 POLYCHAETA TEREBELLIDAE TEREBELLIDES  STROE~l_._--_.O2/28/75  0004 . ..-.-...1. 0.81 _-o.024 . ..o.05._ ._ _—.. .-. -.. — . . . . . 3 0.060 X X X

4801689601 POLYCH4ETA SA9ELLIDAE POTAMILLA NEGLECTA 02128175 0001 1 0.81 0.006 0.01 3 0.01s

‘4904020201’—”HOLLUSCA PELECYPODA NUCULA TENUIS
. --- .—-. .-

0 2 1 2 8 / 7 5  0004 4 3..?5
. ---

0.073 0.05 10—0.058 ‘-X X X
- — .

499402(1201 MOLLUSCA PELECYPOf)A NUCULA TENUIS 02128175 0003 1 0.81 fl.oll 0.02 3
&904f1202fll

0.0?8 x x x
MOLLUSCA PELECYPODA NUCULA TENUIS -0212R175 0002 L 3.25 ._ O.(’)32 .0.07 1 0

‘i90402Q201
._, _r).oRo x x x

‘MOLLUSCA PELECYPOrIA NUCULA TENUIS
. ---- . . —- .-

02/2!3/75  0001 1 0.81 0.002  0.00
— — .

3 ().flos x x x
SUBTOTAL 10 8.13 0-068  0.74 25 0.170

—490L050301 “—MOLLUSCA PELEcYPOOA PORTLANDIA  ARCTICA ““-———”
.—- ,—

02128175 0003 4- 3.25--”” 0 . 0 3 7  0.08 lti-”(1.093
—-—

x x
49CJ.L030301 MOLLuscA PELECYPODA PORTLANDIA  ARCTICA rl?128t75  0002 6  L.88 ().132 0.27 15 0.330 x x
490L030301 MOLLUSCA  PELECYPOI)A PORTLANDIA AFcTIcA 02128175 17004 4 - 3 . 2 5 0.269 ,0.55 10 0.673 x x

—-4904030301‘“MOLLUSCA -PELECYPODA PORTLANDIA  ARCTICA-— ‘02128175 0 0 f 1 7— - 2  1-63–- 0.006 O . O 1—  “—’5 0.015 x x
SUBTOTAL 16 13.01 0.444 0.90 40 1.110

—4904070501‘MOLL”USCA”  PELECYPODA”  DACRYDIUM PACIFICUM 02f213175  0001
—..-

4-”3e25”— 0.007”- 0.01—”” ‘-10 0.018 x
4904070501 MOLLUSCA  PELECYPODA DACRYDIUM PACIFICUM

F

02128175 fl(104 t 0.81 (-).001 0.00 3 0.003 x
__SU!3TOTAL ‘5 4.07._O*O08-_O.02 - 0.02013—- -— .. ———. - --——- .- . ..-—.- ———-— ..— —

490412O1O1 MOLLUSCA PELECYPODA CYCLOCARDIA  vENTRICOSA 02/28/75 0002 1 0.81 0.271 0.55 3 0 . 6 7 8 x x x ”

790L1S0201‘MOL-L-ilSCii-bELECY”PODA  ‘AXINOPSIDA- SERRXCA-T-A 021?8/75-’cJnoj--”-- . ._
_—--—

3 2.44 (1.022-o.04 u 0.055’ x x x
4904150201 MOLLUSCA PELECYPODA AXINOPSIDA  SERRICATA 0212817S 0004 4 3.25 11.oo7 0.01 10 0.018 X X X. -SUBTOTAL 7 5.69—(1.029_0.06—-——- . . . . . .. --— . . . . . .-. -—-— — 18 0.073

4904210501 MOLLuSCA  PELECYPODA PSEPHIDIA LORDI
A

02/28/75 0001 3  2.44 0.010 0.02 8 0.025 x x

=906020?00 ‘MOLiUSCA- SCAPHOPODA CADALUS SP
-— —

0 2 / 2 8 / 7 S  0003—””–’  —
. —  .—

3 2.44 0 . 1 1 8 --0 . 2 4
..—

8 0.?95 x x
e3906f12fl100 MOLLUscA  scAPHOPODA CAOALUS SP 0212817S 0002 1 0.81 0.040 0.08 3 0.100 x x
4905920100 f40LLUSCA SCAPHOPODA.. CAI)ALUS .S?_ ~ 2.4~_02128/75,0nfll.  _ 0.l15_0.23.0.288 8 x x

‘&~06020100—j.loLLuscA-  scAPHDPODA CADALUS SP 02/28/75 0004 3 2-44 0.105  0.21 8 0.263 x x
SUBTOTAL 10 8.13 0.378 0.77 25 0.945

‘5330050203—CRUSTACEA””I  SOPODA  ROCINELA AUGUSTAiA 0.?/28175 0001
. .—- -—-—

‘~o.ni 0.111 0:23 3 0.278 -

5331347’405 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .CRUSTACEA AMPHIPODA HIPPOMEDON  PROPINQUUS ~2f2817;-,00Q,; 3 2.*-44_..0.023_~.(1> 8—-— 0.0s.8

5331420100 HARPINIA  SP. 02t28175 0003 1 0.81 0.003 0.01 3 0.008 x

‘5331420301—””C AMPHIPODA PHOXOCEPHALIOAE  HETEROPHOXUS ””OCULATU 02/28/75 0003-— ‘ --
.,. . . . . . .

1 o.8i— o.olo–o.02-———3 0.025

6801060101 EC As PORCELLANASTERI  DAE-,c~ENODI  sCUS . . ..CRISPss  ______ 02/2R175_.0f103,. 2 1.63
— 6 - 8 0 1 0 6 0 1 0 7 —  ‘ – ”

._3.806__7.74 5 9.51.5 Xxxxx
EC AS PORCELLANASTERIDAE CTENODISCUS  CPISPATUS

—.—
02128175 0002 1 0s81 2.296 4.67 3

SUBTOTAL 3 2.44
5.740 X x x x x

6.102 12.40 8  1S-2S5
_——-—— —-—— ——.—
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CRUISE 805 $T.~T.I.ON_o+O__..-.——_.———— .._. _—. . PERCENTS REFER TO TOTAL COLLECTIONS AT THIS STATION—— . . . . —.-. ..— ..-— .. -—... . . . . . _______ . . . ..—. ._ .——-—.

S4MPLE SAMP COUNT WET WEIGHT PER SQ METER
TAXON CODE TAXON NAME-.-—— .- DATE N~.—.--..-NO. PCT------ . ..-- .— -- .—— —- .___.-?RAYs.- PcT NO-—. . WWGT 31T CRITERIA------- - ..— .-.. — -

b803f320aol EcHItJOOERM AMPHIURIDAE UNIOPLUS r.?ACRASPIS 02128175 001-)3 “
680302,0801

0.81 0.170 0.35 3 0 . 4 2 5 ’  XXXX
ECHINODERM AMPHIURI  DAE_UNIO,P\US--M  ACRASPI S—.. . ..—. . . . . 02128175 0002.——— 3_2.44 n.6L7 1.32-_ 1.618_ Xxxx

SUSTOTAL 4 3.25 0.8?7”–1.66 1;—-2.043

6803090501 EC OPHIUROIDEA OPHIURIDAE OPHIOPENIA  DISACANTHA 02128175 ooD3 ----1 0.81
—63030?0501—

_rl.ln5 0.21 3 0.263
EC OPHIUROIDEA OPHIURIDAE oPHIOPENIA  DISACANTHA—02/2X/75  00o1 1 0.81 0.038—0.(J8”-’”—3 n.@Q5

6803090501 EC OPHIUROIDEA OPHIuRIDAE  OPHIOPENIA  DISACANTHA 0?128/75 00C12 1 0.81 (1.02L 0.05 3 0.060
. . . . ..-. ..— — -.. SUBTOTAL. . -.. . ..— 3 2.44 -_.O.?6?_0.34 a o.41~— . —- —.. .

6803090611 ECHINODERM OPHIUROIDEA OPHIURIDAE  OPHIURA SARSI 0212817S 0003 2 1.63 2.950 6.00 7.375 X x x x x
_61?Q3n9n613 ECHINODERM OPHIUROIDEA  OPHIURIf)AE  OPHIURA,,SARS I 02128175 0Dn2 .._4  3.2S_ 1;0.178_,3.36 ._o.4L5- X x x x x

6803090611 ECHINODERM OPHIU!?OIDEA  OPHIURIDAE  OPHIURA SARSI ‘02128175  0001 2  1-63 1.898 3.$6 4.745
SUBTOTAL

X x x x x
8 6.50 5.026 10.22 2; 12.565

‘6E!CILC)SO1OO ‘EcHINOOEQM  ’HOLOTHUROI  DEA MoLpADIA” sb.””---–-–-—-—02/28/75”  0001—--—”1 o.81”—-
—. —. . . .

6.832-13:89 3 17.080 x x x
68CiLC15!l100 ECHINODERM HOLOTHU?OIDEA  MOtPADIA  SP. 02128175 0003 2 1.63 12.762 25-94 5 31.905 x x x
6804050100 ECHINODERM HOLOTHUROIDEA  MOLPADIA,SP. 02/28175 00,02— . .-— 1 0.81 73.528 27.50 3  33.820. . ---- --— ___ .

SUBTOTAL
x x x

“—-4-3.25— 33.122 67*33 1 0— 8 2 . 8 0 5

w STATION TOTAL 12X 49.194—- ______ _______ ._ ______ . ____ 308 12~.~85
r
m

SIMPSON INDEX 0.048974 SHANNON DIVERSITY INDEX 3.160702
.————.. .— -——.—. .._ ,. -. . . . ------- --- . -------

:’5
.-s .———-—-——————-.--.—---

.—— — -----  . . . . . . . . . . . ..--, — .- —.-— —. .. —----  —.— . . . . .-, -—— — ..- . ..— ——————

—---.. ——-— .-. . .—. -—------ . . .---— —-. — ----

. -— . . . . . .- . . . . ... ., . . . . _____

—-.—— .— —-.. . . . . . . .. —-. . . . . . . . . . . . . . . . . . . . . . . ..-— . . . .. -—.- .—. —z



APPENDIX TABLE 2.

Gulf of Alaska Benthos.  List of all taxonomic groups found on

cruises from July 74 through May 75. Listing of all Biologically

Important Species (BIT) and BIT Criteria.
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_LIST OF _ALL,_TAXONf)MIC GROUPS FOUND .- .-..,.  . ..—_—

CRITERIA 1- TAXON OCCURS IN 50 PCT OR MORE OF STATIONS CRITERIA 4- AFIUNDANT WRT NO. INDIVIDUALS AT s2ME STATIoN
cRITERIA 2- AT LEAST 10 PcT OF INDIVIDUALS_AT  SOME STATION-. .—— . . CRITERIA 5- ABUNDANT WRT TOTAL BIOMASS AT SOME STATION

‘ C R I T E R I A  3- AT LEAST “1O PCT OF wET BIOMAss Af-”SOME ”STAfION—””–--’-  ‘“””
. . . . . . . . . . . . . . . . . . . . ..— .—— — --—

T A X O N  C O D E TAxON NAWE—.. . . ..—— . . ..-. —— . CRIT1,. . ..— -_—_ ______ .. —--— — .— ___ CRIT2  CRIT3 CRIT4 CRIT5 STA _OCC. . . —---- ..- —— - —-———- .—. .- —___ . . .

31CLOOOOO0 PROTOZOA sARcoDINA RHIZOPEDIA x
320f70nOOD0

x 4
SPONGES x x x x 12

— 3 3 0 1 0 9 0 0 0 0 ‘c}~lDARlfi  HyDPozoA”  “- “--”” ‘-”–”–——’-— 1
3303CZOOOO!Y CNIDARIA ANTHOZOA x x
33P3Q1OOOO

x x 7 “
CNIDARIA ANTH020A SEA PEN

—33C3L8CIIOI
x.—

CNIDAR14 ANTHOZOA LEIOPTILUS ”GUERNEYI
x x 5. . . . . . — . -

1
49170f)’3c!Joo NEMERTEANS
L8010’Jo~ofl POLYCHAETA

‘LqOIOIODOO—-  POLYCHhE  TA
L89101D3OCI POLYCHAETA
4301010602 POLYCHAETA

‘“4801010606  ‘POLYCHAFTi4
48(llCl10RC16 POLYCHAETA
L801O1OR11 POLYCHAETA

—.%801011103 ‘–POLyCHhETA
4uplglq5n2 PoLYCHAETA
4E01!J11701 POLYCHAETA

‘L801f)2f)111—”-’POLYCHAFT  A
Leoloscllc)l POLYCHAETA
L80112C)1O2 POLYCHAETA

F—45017201.04 ‘POLYCtiaETA
6301120203 POLYCHAETA

$ 4EOl12C12fJ5 POLYCHhETA.
4EO?12n397—POLYCHAETA
4801120700 POLYCHAETA
LErj1213c!LrJl PoLYCHAETA

‘4801220000—POLYCHAETA
L80122030n POLYCHAETA

+ 4801220304 P OL YC H A E TA
~YuT 63(31220501 “Pf)LYcHAETA
~ 49’)172050? POLYCHAETA

4qO122f1504 POLYCHAETA
‘48f11220602—POLYCHACTA

4fio122tz?o!l PoLYcHAfTA
4801220804 POLYCHAETA

‘ -” A 8 0 1 2 2 1 0 0 1 —P OL YC H A E TA
480122?291 POLYCHAETA
4891230000 POLYCH4FTA

‘4~g123gIoI ‘ P O L Y C H A E T A
48n123n400 NEREIS  SP.
L8n1230L03 ~OLYCHAETA—
L!301230404 --POLYCHAETA
L301230L07 POLYCHAETA

RHYNCHOCOELA x 22
16~oLyNnlDAE . .. _._.--..., . . ..-.-...—

1
POLY?JOIDAE ARCTEORIA 1

2POLYNOIDAE  G4TTYANA  CILIATA  -
POLYNOIDAE  G A T T Y A N A  TREADWELLI 2
POLY!JOIDAE H A R M O T H O E  IMBRICATA 4
POLYNOIDAE  HARMOTHOE  LuNULATA 1
POLYNOIDAE  LEPIDONOTUS SQUAMATUS-

.-
2

POLYNOIDAE  POLYNOE  GRACILIS 1
POLYNOIDAF HESPERONOF C i ) N P L A N A T A - - 3
POLYOOONT!DAE  PEISIDICE  A S P E R A x x 7
SIGALIONIDAE PHLOE MINUTA 9
P H Y L L O D O C I D A E  PHYLLOI)OCE 6ROEN,L~NDICA 2
PHYLLODOCIDAE  ARAITIOES MUCOSA 2
PHYLLODOCIDAE ETEONE  P A C I F I C A 1
PHYLLOOOCIDAE ETEONE  L O N G A 8
PHYLLODOCIDAE E U L A L I A  NIGROMACtiLATA 1
PHYLLOL)OCIDAE  P H Y L L O D O C E  SPe 1
HFSIONIDAE OPHIODROMUS  PUGENTTENSIS
SYLLIOAE

1. . . . ..— _
1.

SYLLIDAE  SYLLIS SP 2
S Y L L I D A E  SYLLIS SCLEROLEMA
SYLLIDAE  TYPOSYLLIS  ALTERNATA–

2-
1

SYLLIDAE  SYLLIS ARMARILLIS 1
SYLLIDAE SYLLIS ELONGATA
SYLLIDAE  CUSYLLIS 131.00MSTRAND1

o
2

SyLLlhAE ExoGoNC  sP. 4
SYLLIDAE  SPHAEROSYLLIS  MIRUSAT-A 1
SYLLIDAE LANGFRHANSIA  CORNUTA

.
x

SYLLIDAE HAPLOSYLLIS SPONGICOLA
?
3

NEREIDAE 8.
NEREIDAE ”CERATONERE  IS””PA-Ut I’Oi”NTATA 5

2
NFREIDAE NEREIS  P E L A G I C A 1.. ..—
tJEREIDfiE  NEREIS  PROCFRA

.
1

NERE19AE  NEREIS  GRUREI 1
LPIFY124~!JO0 POIYCHAETA

—L~~72L5199 ‘“NEPT}{YS  S P . 5
NEPHTYIDAE . . . 4.

L8012LO1O2 POLYCHAETA NFPHTYIDAE NEPHTYS CILIATA 2
48CI12LO1O3 POLYCHAETA NEPHTYIDAE NEPHTYS COECA

‘48012LO1O5 ‘POLYCHAETA NEPHTYIDAE NEPHTYS” PUNCTATA
-—

x c:



_L.IST..O.  F.-. ALL_lAXONOWIC  GROUPS FOUND . . . .—

CRITERIA 1- TAXON OCCURS IN 50 PCT OR MORE OF STATIONS CRITERIA 4- ARUNDANT URT NO. INDIVIDUALS AT SOYE STATION
AT LEAsT,-10  PCT,OF INDIVIDUALS ,AT SCIME STATION .____.._,... cRITERIA 5-.CRITE~.IA 2-  _-—. ABUNDANT ,IJRT-T(llAL BIOMASS_A-~_sOME_S  ~l’TION

cRITERIA 3- AT LEAST 10 PCT OF WET BIOMASS AT SOME STATION

7AXON CODE T A X O N  N 4 M E CRIT1 CRIT2 CRIT3 CRIT4 CRITS  .  ..--.STA  OCC.. — . . . . . . . . . .

L 8 0 1 2 L O 1 O 9 P O L Y C H A E T A  MEPTHYIDAE  N E P T H Y S  LONGASETOSA 7
L8Qj2LO~Jj POLYCHAETA  NEPHTYJDAE  NEPHTYS FERRUGINEA— . . x.— x — 6
6 8 I 3 1 2 6 0 1 O 1 POLYCHAETA GLYCERIDE GLYCERA CAPITATA

— . .-—— ..— — ——.. -.-— . ..— —
x x 27

4PO127O1OO POLYCHAETA  GoNIADIDAE GLYCIND& SP 1
L801270101 POLYCHAETA GOFJIADIDAE  GLYCINDE PICTA ?. — .

‘&?oI?70201 POLYCHAETA GONIADIDAE GONIADA ANNULATA
..-— -—--... -. —---- .-.. --.-.-—. . ..—-—--.—— —

x 17”
LF@1270?02 POLYCHAETA GONIADIDAE GONIADA MACULATA 2
4851280100 POLYCHAETA ONUPFIIOAE  ONUPHIS SP.

‘&8012801G2 ‘POLYCHAETA OFJUPHIDAE ONIJPHIS GEOPHILIFO”RtiI-S x —x . x . x x 2;
4801289103 POLYCHAETA  ONUPHIDAE ONUPHIS IRIDESCENT 1
L801290@Ot’J POLYCHAETA EUNICIDAE 1

—LRO1290700 POLYCHAETA EUNICIDAE EU N I CE  sp
. . . . . .-

3
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LIS.T. OF AL L_TAXONOMIC GROUPS FOUNf)— . ..-. . .

CRITERIA 1- TAXON OCCURS IN 50  P C T  O R  M O R E  O F  S T A T I O N S
_CRITERIA  .2:__

C R I T E R I A  L- AFIUNOANT  WRT NO. INDIVIDUALS AT SOME STATION
AT LEA$T-1O PCT OF INDIVIDUALS AT SOYE STATION CRITERIA 5- A13UNDANT WRT TOTAL BIOMASS AT,SOME  STAT~.ON

CRITERIA 3- AT LEAST 10 PCT OF WET BIOMASS AT SOME STATION

T A X O N  C O D E _. TAXOAI NAME CRIT1 CRIT2  CRIT3 CRIT4 CRIT5 “.., STA O C C . _ ..

533102Q1O2 CRUSTACEA AMPHIPODA
53310?Q200_6Y6LIS SP-

—5331O?C?OI CRUSTACE4 AWPHIPODA-
53310.2!3202 CRUST4CEA AYPHIPODA
5331920303 H4PLorJPs SP

‘5~31fi20301 ‘—CRUSTACEA Af4PHIPOOA
53311s0000 COROPHIDAE
s3311503f)l CRUSTACEA  AMPHIPODA

‘5~3121000~— CRUST~CEA A~PHIPODA
5331220100 FOHAUSTORIUS  S P .
5331.??CLOO CRIJSTACEA  AWPHIP9DA

‘535122C14Ql— CRUSTAcEA AYPHIPODA
5331260291 CRUSTACCA A’+PHIPODA
53313LO?97 CRUST.4CEA  AYPHIPODA

—53317Ll&05— CRUSTACEA  A\lPHIPoDA
S331370203 CRUSTACEA A’4PHIPODA

_533147n909 cRUSTAcEA AYPHIPODA
53:l~2fllgo ‘HARPINIA SP.

p S331L?O?01 CRUSTACEA AYPHIPODA
m 53314?0102
-S33147C!?01

CRUSTLCEA AYPHIPODA
‘CRUSTACEA A’4PHIPf)fJA

AMPELISCIDA  EIRULAI 2
. .. -—---  ___

SY!3LIS CRASSICORNIS
——... x 1—— . . . . . . . . . . —.— —

x 5
BY13LIS  EAIMANDI x 3

1. .. —.. —— .--. -.— —- .— -... . .. -—- _____ . . . . . . . . . .. ___ . . . . . . . . .
HAPLOOPS TUQICULA x 3-

1
ERICTHONIUS  HUNTERI .— 3
GA?4MARIDAE  - - - 1

1
UROCHOE SP . — 1
UROTHOE ELEGANS 1’
PHOTIS RREVIPES T3
ANOVYX  OCHOTICUS 3.—
HIPPOMEOON  PROPINQUUS 2
ACEROIDES S P . 1
PHOXOCEPHALIDAE ._---

X :
HARPINIA  E M E R Y I 3
HARPINIA  KORJAKOVAE 1.——
H A R P I N 1 O P S I S  SANDPEDROENSIS x 5

5331620301 C A~~pHIpODA  PHOXOCEPHALIDAE HETEROPHOXuS  OcuLATu
5331420L07

6
cRusTAccA AYPHIPODA HETEROpHOXUS  OcULATus

‘S33142’3791—CRUSTACEA A’lPHIPf)DA  PARAPHOXuS R08usTUS --

0
3

S331f120?Q2 CRUSTACFA AWPHIPODA PARAPHOXUS SIMPLEX
5331f0208QQ CRUSTACEA A’4PHIPODA P H O X O C E P H A L U S  $P:-

4
3

~—533798n9no— CRUST4CEA A’4PHIPODA CAPRELLIt)AE
~ 53319qQ722

1
CRUSTACEA A’4PHIpOCIA CAPRELLA STRIATA

-s333000goo CRUST4CEA DECAPODA
4

5333f190020— CR[JST4CEA C)ECAPODA MAJIICJAE
. ---- ------- .- 2

S3331102OO
-0

CRUSTACEA DECAPODA PAGURUS SP
5333130000

1
CRUSTACEA DECAPODA PIN’.JOTHERIOAE

‘53331702!)2
o

‘CRUSTACEA  DECA.PODA  MAJIIDAE CHIONOECETES  B A I R D I
. .

5333210300 CRUSTACEA DECAPODA x4NTH1DAE PINNIXA SP ;
S3332103O3 CR CIECAPO(IA  PINNOTHERIDAE  PINNIXA OCCIDENTALIS 3

‘59Cg089000—S IPUIjCUL  IDA
.  —.—

x. “7
s9g131nlol SIPUFJCULIDA GOLFINGIA MARGARITACEA x x x 14
6cn~nCng50 ECHIUROIDEA 1

‘6101010100 ‘PRIAPULIDA  HALICRYPTUS  SP– 1

C I 1 0 1 5 I O 2 O 2 PRIAPULIt)A  PRIAPULUS CAUDATUS
661-IOG09000 ECTOPROCTA

1

—6601080101
x y 11

‘RRYOZOA MICROPORINA  BOREALIS
. ..-. -— —- .—.

66G3CJ6!)1OI F3RYCZOA CLAVOPOQA OCCIDEbJTALIS
4

x 3
670!?059C90 8RACHIOPOOA x

~7172000COo—9QACHIOPODA ARTICULATE
.—- ..-—— 2

1
6702930700 TERERRATULINA  Spm 1
6702030101 BRACHIOPODAART,ICU LATA_TER  Ef3RA.TUL_ZNA UNGUICULA-— x x

77”02030103 13RACHIOPODA  ARTICULATE TERE13RATULINA-LROSSEI
x q.-.. _ —  -—

x 2

—.--—, --- --- -———.—- - ..-. —- —— -
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_LF gLAS~NT~-‘–~”~A~KE~~y  ~~O”~y “.~”’ “’ “’m”’ ‘“- ““m _ u--”--”~;~’m~~m~~m

LIST OF ALL TAX ONOMIC  GROUPS FOUND— . . . ..- — _

CR IT EQ IA 1- T A X O N  O C C U R S  IN 50 PCT OR MORE OF S T A T I O N S CRITFRIA 6- A13UNOANT WRT NO. INDIVIDUALS AT $!)YE STATION
CQITERIA  2- AT L E A S T  70 PCT OF I N D I V I D U A L S  A T  S O M E  S T A T I O N—.- CRITEf?IA  5 -  A B U N D A N T  W R T  T O T A L  B 1 O M A S S  AT SOME S T A T I O N. . . — . .
C R I T E R I A  3- A T  L E A S T ” 1 O  P C T  O F  W E T  B I O M A S S  A T  S O M E  S T A T I O N

.— . . . ..- ..- . . . .  -—-  .-. —.—

T A X O N  C O D E T A x O N  NAME ,_ ,, ,._____-_C  R I T 1 CRIT2 CRIT~,  CRITt .CR1T5..__-..sAT.A PCc,-. —. . . . .

6 7 I Y 2 0 3 9 1 O 4 BRACHIO?ODA AQTICULATA  TERE9RATULINA  S P I N D E N T 1
6732959701 BR4CHIOPODA  A R T I C U L A T E  DEISTt)THYRIS F R O N T A L I S x x 1

‘6732P5C?Ol-— q?ACHIOPOCIA  A R T I C U L A T E  LAQUEUS  CALIFORNIANUS
. .  . .— —. —.. . . .  —-.-.. — ----- . . . . . . . . . . . . . - ------- .— . . .-

x x 2
6752050401 BRACHIPODA ARTICULATE TENEBRATATA  TRANSVERSAL 1
630196QIOCJ CTEFJODISCUS  SP.

‘68Q7060101—
1

EC AS PORCELLANASTERIDAE CTENODISCUS CR ISPATUS”’-.--’-——’——”-”’X x x x x 22–
6?O11ID1O3 ECHIMODERM ASTE!?OII)EA  CROSSASTER PAPPOSUS 1
6Q2?ocf)Qoo_ ECHINODE2W  FCHIPJOIDEA x x x 2

‘6?!I273C?101 ECH:tiOOFRM  ECHINOIfJEA BRIASTER TOWNSEND”I
— .- —— - .— -.. .Z— .—— —

x x x x s
,5~55:r)cf10(J ECHINODERM OPH:UROIDEA
6xT13f12nlo7

x 1 4
FCHI!.’ODFRW  OPHIUROIDEA  AMpHIODA  EVRYASPIS— 1

68!)3920201”— ECtiIl~OOERM  A!~PHIllRIDAE  AMPHIPHOLIJS  PUGETANA
-——— ——... —. . . . . —.

t31-J3n20391
1

EIH1?IODER’4  AVPHIURIDAE DIAMPHIflf)IA CRATERODMETA
6RC3~?17333

2
ECHINODERM AYPHIIJRIDAE  DIAMPHIODIA  PERIERCTA

‘68!)?C2f15!31—
?

OPHIuZolDEA  ~MPHTuRIDAE ~luLLAMpIuRA  psILopHoRA..,— –1”
6?;3,?2~701 ECH!N!IDERM  A!.!PHIuRIDAE PANDELLIA  CARCHARA
53?:020301 ECHINODERM AM?HIuRIDAE UNIOPLUS MACRASPIS

x 1

—“,5E!33@67Jlol
x x x x 15

‘ECHIM02ERM OPHIUROIDEA  OPHINOPHOLUS  ACULEATA–-
68q399970fl

1
ECH!NOOERM OPHILIROIDEA  OPHIURIDAE 3

w 6?C3990501_ EC OPHI(JROIDEA  OPHIURIDAE OPHIOPFNIA OISACANTHA s
‘=6R8?O?9503 EC OPHIUROIDEA OPHIURIDAE OPHIOPENIA”VACiNA

.—
1

6$JC309960(-I OPHIUQA 5P. x
,5P,r33fjry9671 EC}{I?:OD:RM OPHIUROIDEA OPHIIJRIDAE  OPHjURA SARSI— x x x 2;
~9q~~99!3rJr3--”

x x
HOLOTHUI?OII)EA

——-—
7

4a?f.c591clg E C H I N O D E R M  HOLOTHUROIDEA  MOLPADIA  SP. x x x 1;
6~c4080cl!lo E C H I N O D E R M  HOLOTHUROIDEA  DEIMATIDAi -

. .
.x :7

~6~~L12~208—
x

ECHI~JODERM  PSOLU’5  S P .  ““”’
.  . ._.  .— ___

x 2
‘%805000000 ECHINODERM CRINOID FRAGMENTS 2
L?2c9Qcf3030 TuIJICATA

-32020501133—UROCHORDATA  CHELYOSOMA–COLiJMiIANUM
. — _ _ 3

9 9 9 9 9 9 9 9 9 9
1

U N I D E N T I F I A B L E x 19
--. -.. — .—. .-. —- . . . . . .- _.—. —

‘ T O T A L  Nu!49ER  O F  TAxONS  = 3 1 1



APPENDIX TABLE 3.

A sample of trawl data collected by commercial trawl in the Northeast

Gulf of Alaska (NEGOA) on the P@ North. Pac~f;e. Collection made

May - August 1975.
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University of Aj aska

ESTIMATE OF FUNDS Ex?ml)im

DATE : March 31, 1.976

CONTRACT I!UkHIER: 33-5-622-56

TA.SK ORDER N“@lT5Ei{: 2!3

PRINCT.FAL 1.NVES’~lG.4TOR.:  Dr.  i-lot?~rd M. l?~d~~

Pericd July 1, 197.5 - March 31, 1976* (9 mos)

Total E[ldSet Expended- .—

SalariL?s & l;zges 63,36< .09 20,504.30

Staff BEneflts 10,806.00 3,432.75

Equipment 4,000.00 3,211.02

Travel 5,200.00 3,740.97

Other 95,700.00 23,455.32 ‘——

Total Di.zect 179,270.00 54,344.36

Indirect 36,359.00 11,728.45

Task Order Total ~15,6~9.@3 66,072.81.—

* Prelir,inary  cost data, not yet fully processed.

Remail]=

43,”59.70

7,373.25

788.98

1,459.03

72,244.68

124,925.6A

24,630.55

149,556.19



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1976

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 20 R.U. NUMBER: 281

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to date as ident-
ified in the data management plan.

Cruise/Field Operation

Silas Bent Leg I
#811

Discoverer Leg IV
{/812

North Pacific

Discoverer #816

Contract #03-5-022-34

Collection Dates Estimated Submission Datesl
From To Batch 1 2

8/31/75 9/14/75 6/30/76 None

10/8/75 10/16/75 6/30/76 None

4/25/75 8/7/75 None 5/15/76

11/23/75 12/2/75 9/30/76 None

Last Year 4/20/76

Note: 1 Data Management Plan and Data Formats have been approved
and are considered contractual.
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Following is part 2 of the quarterly report R.U.# 281 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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RD ~~~]~g
OCS COORDINATION OFFICE

University of Alaska JAN 19 ]97~ ~

Quarterly Report for Quarter Ending December 331~ l~5G 0 ~

Project Title:
(

The Distribution, Abundance, Diversity, J\.
and Productivity of Benthic Organisms
in the Gulf of Alaska

~(b~ pay~

“Q.ti
03-5-022-56

~.
$

20

Contract Number:

Task Order Number:

Principal

I. Task

A.

B.

c.

D.

Investigator: Dr. Howard M. l?eder

Objectives

Inventory and census of dominant species.

Description of spatial and seasonal distribution patterns
of selected species.

Provide comparison of dominant species distribution with
physical, chemical and geological factors.

Provide preliminary observa’i~.~s of biological inter-
relationships between selected segments of benthic
marine communities.

II. Field and Laboratory Activities

A. Grab Program

1. Ship

a*

b.

schedules and names of vessels

8 - 16 October 1975, NOAA ship Discoverer

23 November - 8 December, 1975, NOAA ship
Discoverer

2. Scientific Party

a. Dr. Howard M. Feder (Professor of Marine Science)

b. Grant E. M. Matheke, (Research Assistant and
Graduate Student)

c. William Kopplin (Marine Technician)

3. Methods

a. 0:1M2 Van Veen
Five replicate

grab was used on all stations.
grabs were taken on all stations
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except stations 25, 48, 55 where 10 grabs were
taken in order to determine the number of grabs
required for adequate statistical precision.
During the Discoverer cruise, 8 - 16 October,
1975, in the Western Gulf of Alaska, substrate
conditions often prevented adequate penetration
of the grab and qualitative samples only were
collected at stations 120, 137, 146, 157, 158,
and 160. No samples could be collected from
stations 136, 145, 147, 148 and 156. .During
Discoverer cruise, 23 November - 8 December, 1975,
only qualitative samples could be obtained at
stations 109 and 110 and no samples could be
collected from stations 106, 107 and 108 due to
substrate conditions.

b. A separate sediment sample was taken from one grab
of each successful station for sediment size
analysis.

c. Laboratory analysis at the Marine Sorting Center,
University of Alaska, has not been completed for
samples collected.

d. After extensive examination of the current liter-
ature on cluster analysis of benthic-invertebrate
survey data, two approaches are being tested to
determine their capabilities in determining species
groups and areal patterns of species groups. The
techinques will initially be applied to the data
collected during the first year of the benthic
biological study of the Northeastern Gulf of Alaska.
A hierarchical agglomerative cluster analysis adapt-
able to single linkage (nearest neighbor) and group
average sorting strategies will be used. Similarity
matrices will be constructed using Czekanowski’s
co-efficient and Spatz’s  quantitative modification
of the Jaccard co-efficient.

4. Sample Localities

a. Discoverer cruise of 8 - 16 October, 1975

The following stations were taken on a grid constructed
to cover the Northwestern Gulf of Alaska (see enclossd
table) : Station numbers 101, 102, 103, 104, 105, 119,
120, 121, 123, 124, 133, 134, 135, 136, 137, 145, 146,
147, 148, 156, 157, 158, 159, and 160.

b. Discoverer cruise of 23 November - 8 December, 1975

The following stations, on the standard station grid
of the Gulf of Alaska Lease Area, were taken: Station
numbers 7, 25, 26, 39, 44, 48, 54, 55, 59A, 60, 61
62, ~lllCl 63. Two ntw stations were occupl~’ci in order

~L~4. .



to get increased areal coverag~ - station number
68, Lat. 59° 38.2’N, Long. 147 36.5’W and station
number 69, Lat. 59° 20.01 N, Long, 147° 32.0’ W.
Finally, five stations in the Northwestern Gulf
of Alaska grid , which were not occupied during
Discoverer cruise of 8 - 16 October, 1975, were
taken: station numbers 106, lC17, 108, 109 and
110.

B. Trawl Program

2.

3.

4.

Ship schedules and names of vessels.

a. None this period.

Scientific party.

a. Not applicable.

Methods.

a. Field sampling.

One hour tows were made at predetermined station
locations using a 400 mesh Eastern otter trawl.
Invertebrate samples were sorted, weighed and/or
counted, identified or. assigned a type number,.
and preserved for later examination.

b. Laboratory analysis.

Samples were returned for examination to the
Marine Sorting Center, University of Alaska,
Maps to show species distribution in the study
area are in the final planning stage.

Sample locations.

a. Stations occupied (see Fig. 1,. NEGOA F/V North
Pacific)

b. Station Numbers (F/V North Pacific)

70A-F; 71 B-D; 72 D-I; 73 A-E, H, I; 74 A-D,
F-I; 75 A-C, G; 76 A-C; 77 A, B, E, F, H, 1;
78 A-C, E, F, H; 79 A-C, E-G; 80 A-F; 81 A-G;
82 A-F; 83 B, C, E-G; 84 B, C; 85 A; 86 B-D;
87 D; 88 A, B, D; 89 A-E; 90 B, C; 91 A-D;
92 C. D; 93 A-F; 94 A-G; 95 C-E; 96 A-G; 97 A-D;
98 A-D; 99 B-E; 100 B-D.

III. Results

A. Grab samples have been turned over to the Marine Sorting
Center for laboratory analysis.
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B. Maps showing species distribution in the study area
are being prepared.

c. Trawl invertebrates have been identified and assigned
a species code number.

Iv. Preliminary Interpretation of Results

Not available.

v. Problems Encountered, Recommended Changes

A. More samples are available than present funding will permit
us to process. Selected stations will be examined for species
content and biomass. It will be necessary to archive all
other samples pending additional funds. Such a procedure will
necessarily reduce the seasonal and spatial coverage.

B. Substratum differences encountered in the Northwestern Gulf
sampling grid indicate that a quantitative bottom survey might
not be possible. Considerable additional time will be needed
to develop a program in this area, if such type of data is
essential. Possible alternatives are qualitative surveys
with underwater cameras or t.v. in conjunction with dredges
or trawls.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 20 R.U. NUMBER: 281

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

“Cruise/Field Operation Collection Dates
From To

Silas Bent Leg I
#811 8/31/75 9/14/75

Discoverer Leg IV
//812 10/8/75 10/16/75

North Pacific 4/25/75 8/7/75

Discoverer #816 11/23/75 12/2/75

Contract #03-5-022-34 Last Year

Estimated Submission Dates (1)

Batch 1 2

6/30/76 None

6/30/76 None

None 3/31/76

9/30/76 None

3/31/76

Note: (1) Estimated submission dates are contingent upon final approval
of data management plan submitted in draft form Oct. 9, 1975
and University of Alaska approved form Nov. 20, 1975 to NOAA.
Also, final agreement by all parties on the data format is
necessary. 4;12



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

Salaries & Wages

Staff Benefits

Equipment

Travel

Other

Total Direct “

indirect

Task.Order Total

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 20

PRINCIPAL INVESTIGATOR: Dr. Howard M.

Period July 1 -- December

Total Budget

63,564.00

10,806.00

4,000.00

5,200.00

95,700.00

179,270.00

36,359.00

215,629.00

Feder

31, 1975 ~ (6 mos)

Expended

21,951.31

3,666.86

3,211.02

2,926.39

20,271.50

52,027.08

12,556.15

64,583.23

Remaining

41,612.69

7,139.14

788.98

2,273.61

75,428.so

127,242.g2

23,802.85

151,045.77

* Preliminary cost data, not yet fully processed.



ANNUAL REPORT

Contract # 03-5-022-56

Research Unit # 282/301

Reporting l?eriod 4/1/75-3/31/76

Number of Pages 10

SUMMARIZAT1’ON  OF EXISTING LITERATURE AND UNPUBLISHED D.I’A

ON THE DISTRIBUTION, ABLN)ANCE AND PRODUCTIVITY OF BENTHIC

ORGLNISMS OF THE GULF OF ALASKA AND BERING SEA

DR. HOWARD M. FEDER

Institute of Marine Science

University of Alaska

March 31, 1976



1.

II.

111.

IV,

v*

VI,

Summary of objectives, conclusions and implications with respect to

OCS oil and gas development,

Objectives: (1) To summarize the existing literature on the

systematic, abundance and feeding biology on Gulf of Alaska and

Bering Sea marine ~~ganisms. (2) To locate unpublished data and

archived biological samples available for analysis. (3) Where

practical, to convert to digital form on magnetic tape pertinent

data on the density, distribution and ecology of benthic organisms.

This information will provide a historical perspective of the

abundance and distribution of benthic animals and establish the

current state of knowledge on the biology of these organisms. With

this histroical perspective current OCS projects looking at the

current distribution and biology of marine organisms can be inter-

preted in a larger tiine frame. In addition, gaps in information not

currently funded under OCS or not possible to understand in the time

frame of the OCS funding period can be elucidated.

Introduction

See Section I

Current State of Knowledge

N.A.

Study Area Gulf of Alaska and Bering Sea

Sources~, Methods and Rationale of Data Collection

Standard Library Research Techniques

Results

Objective 1: To summarize the existing literature on systematic,

abundance and feeding biology using a key format.



Some 1500 references pertaining tc North Pacific and Bering

Sea have been punched on computer cards and an alphabetical listing

will be available within a few weeks. Key words are being prepared

and punched as well. This objective should  be coinpleted by the end

of the next quarter<

Objective 2: To locate unpublished biological data and archived

biological samples for analysis.

The sources queried and from those responding the materials

available have summarized in Addendum I.

VII. Discussion

than

Substantially larger amounts of published material is available

was anticipated. MuclI of this information is of a nature not

amendable to conversion to digitable data, (See Sec. IX).

VIII. Conclusions

N.A.

IX. Needs for further study

l.) Much of the information available is not transferable to magnetic

tape. For example, mos of the Russian literature describes biocoenosis

with out quantitative information by locality, Another example is

general” range .

much more amen

2.) In view of

nformation by species. Both of these types of data are

able to mapping than to conversion to magnetic tape.

the geographical limitations i.e., Gulf of Alaska. anti
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Bering Sea, biological information such as breeding biology, feeding

strategy and distribution of organisms in relationship to environ-

mental factors from other areas is not being made available. This

type of information will be extremely useful in interpreting relation-

ships of organisms to petroleum impact.

3.) Preliminary information to develop food web diagrams and to

document other biological interactions need to be developed. This

information would provide a predictive base to aid in the under-

standing of the effects of petroleum on all levels of the food web.

X. Summary of 4th Quarter Activities

Covered above of N.A.
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ADDENiM.JM

U.S. Department of COlllli12rCe
National Oceanic and Atmospheric Administration
National ~arine Fisheries Service
Northwest Fisheries Center
2725 Montlake Blvd. E.
Seattle, Washington 98?12

-Unpublished data, Shellfish and Ground Fish abundance from Gulf of Alaska,
Bering Sea and Chukchi Sea on ADP cards.

-Archived samples from the Chukchi Sea.

State of Alas!<a
Department of Fish and Game
Division of Commercial Fisheries
P.O. Box 686
Kodiak, Alaska 99615

-Types of unpublished data and biological material on file in the Westward Region
are as

1.

2.

3.

4.

5.

6.

7.

follows:

Commercial fishery catch statistics by statistical area, species,
vessels, gear and landings: These data for the most part are grossly
summarized in the Alaska Department of Fish and Game annual and
statistical leaflet “Alaska Catch and Production”.

Commercial fishery biological samples for age-length-weight-sex
and condition: These data exist for nearly all commercially
utilized species of salmon, crab, shrimp, herring and c~ams.

Research cruise data: Extensive research cruises to assess and
predict the abundance of Tanner crab, king crab and shrimp are
undertaken annually and cover commercially important areas from
Kodiak Island to and including the Aleutian Islands. Crab abundance
is indexed using pots and shrimp are indexed with trawls. Extensive
biological observations are made in the field and laboratory. Re-
cords of some incidental species are kept.

Tagging information: Extensive tagging and recapture information
exists for king crab and Tanner crab primarily for the Gulf of
Alaska and Aleutian Island water. Some unpublished data on salmon
also exists and covers Gulf of Alaska and Bering Sea.

Pre-emergent  salmon fry: Alevin densities are assessed annually on
Kodiak Island, Shumagin  Islands, and Alaska Peninsula.

Salmon spawning escapements: Weir counts and aerial survey records
of escapements for major salmon producing systems throughout the
Westward Region.

SCUBA observations: Recorded diver observations of benthic invert-
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ebrates.

8. Reference collections: Keyed out collections of primarily mollusks.

Most of this mate.rlal is key punched and/or summarized in internal Alaska
Department of Fish and Game reports or printouts.

International Pacific HalibuL- Commission
P.0, Box 5009
University Station
Seattle, Washington 98105

-No unpublished data nor archived Biological samples
-Sent several reports {published)

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
Nationa-l Marine Fisheries Service
P.O. Box 1668
Juneau, Alaska 99801

- No information- referred us to NOAA- Auke Bay Laboratory

United States Department of the Interior
Geological Survey
Alaskan Geology Branch
345 Middlefield  Road
Menlo Park, California 94025

-No information-referred us to Mr. Harry Hulsing and Dr. A. “Gus” Armstrong

U.S. Department of Commerce
NOAA National Marine Fisheries Service
Northwest Fisheries Center
Kodiak, Alaska

-Archived Biological samples- 165 lots of Invertebrates in position of Marine
Sorting Center, I.M.S., University of Alaska

Dr. Hans Nelson
U.S. Geological Survey
345 ~iddlefield  Road
Menlo Park, California 94025

-Archived Material- In position of Sam Stoker, Institute of Marine Science,
University of Alaska
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J.ff.  Ay~~n~~~U~

Mobil Oil Company
Denver, C~lorado

-Archived material- Gulf of Alaska, Benthic material available for cost of work
Up.

Sam Stoker
Institute of Marine Science
University of Alaska
Fairbanks, Alaska

-Unpublished data- Bering And Chukchi Sea- Benthic organisms abundance data
used for thesis.
-Archived-material- In position of Marine Sorting Center

Dr. Donald J. Reish
Department of Biology
Long Beach State College
Long Beach, California 90840

-Referred to Dr. John L. Mohr

Mr. Lloyd F. Lowry
1300 College Road
Fairbanks, Alaska 99701

-Biological material-Seal stomach contents and Fishes.

Dr. John L. Mohr
Department of Biology
University of Southern California 90007

No response

Alaska Department of Fish and Game
333 Rasberry Road
Anchorage, Alaska 99501

No response
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Ilr. Patsy A. McLaughlin
School of Marine & Atmospheric Science
Miami, Florida 33149

No response

J.J. Burns

Alaska Department of Fish & Game
1300 College Road
Fairbanks, Alaska 99701

No response

Geological Survey
310 First Street
Fairbanks, Alaska 99701

Department of Oceanography
University of Washington
Seattle, Washington 98105

No response

University of Washington
College of Fisheries
Seattle, Washington 98195

-No information- referred us to Dr. Ken Chew

Alaska Department of Fish and Game
Nome, Alaska 99762

-No response

Alaska Department of Fish & Game
Homer, Alaska 99603

-No response

Fisheries Research Institute
College of Fisheries
260 Fisheries Center
Seattle, Washington 98105

-No response



National Marine Fisheries
P.0, Box 1638
Kodiak, Alaska 99165

-No response

Environmental Protection Agency
401 “M” Street S.W.
Washington, D.C. 20460

No response

Alaska Department of Environmental Conservation
St. Anne’s Center
Pouch “O”
Juneau$ Alaska 99801

No response

Mr. Harry Hulsing,  District Chief
Water Resources Division
Room 304 Skyline Building
218 “Ei’ Street
Anchorage, Alaska 99501

No response

Dr. A. “Gus” Armstrong
U.S. Geological Survey
345 Middlefield  Road
Menlo Park, California 94025

No response

Dr. Ken Chew
College of Fisheries
University of Washington
Seattle, Washington 98195

No response
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OCS COORI)INATION OFFICE

University of Alaska

ENVIRONMENTAL DATA S[IBMISS1ON SCHEDULE

DATE : March 31, 1976

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 10 R.U. NUMBER: 282/301

PRINCIPAL INVESTIGATOR Dr. H. M. Feder

Progress on this study has indicated that there is little data in a
form suitable for submission usin~ available EDS Format (Benthic
Organisms). As indicated in this report, much information of utility
is available, and this information would best be presented in media
other tha~. magnetic tape. It is suggested that the following infor-
mation products be accepted; (1) key word bibliography (available in
next quarter); (2) distribution maps, which would be available as they
are produced; however, the total applicable information available
could not be converted into this media prior to December 1976.
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OCS COORDINATION OFFICE

University of Alaska

KSTT.I.LLTK  Or FIJNDS EY1’ENOED

DArE : March 3S, 1976

CONTRACT NUMBER: 03--5-022-56

TASK ORDER NUI*lBER: 10

PRINCIPAL INVESTIGATOR: Dr. Howard M. Feder

Period April 1, 1975 - March

Total Eud&..——

Salaries & Wages 51,046.00

Staff Benefits 8,625.00

Equipment -0-

Travel 3,750.00

Other 5,200.00

Total Direct 68,621.00

Indirect 29,1.98.00

Task Order Total 97,819.00

31, 1976f’ (12 rnos)

Expended Remain-— — . ——

14,945.68 36,1OU.32

2,274.89 6,350.11

-o- -o-

234.70 3,515.30

1,432.16 3,767.84

18,887.43 49,733.57

8,548.93 20,649.07

27,436,36 70,382,64— — .

* Preliminary cost data, not yet fully processed.
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Following is part 2 of the quarterly report R.U.# 282/301 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.

.
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OCS COORDINATION OFFICE
J/+N19 1976

University of Alaska NEGOA
Quarterly Report for Quarter Ending December 31, 1975

Project Title: Summarizing of Existing Literature
and Unpublished Data on the Dis-
tribution, Abundance and Productivity
of Benthic Organisms of the Gulf of
Alaska and Bering Sea.

Contract Number:

Task Order Number:

Principal Investigator:

03-5-022-56

10

Dr. Howard M. Feder

I. Task Objectives

A. A summary of” existing data, published and unpublished,
for the Gulf of Alaska and the Bering Sea.

B. Access to and loan of archived material from both of
the above areas.

c. Workup of archived data and material.

II. Field and Laboratory Activities

Methods:

1. Literature survey using standard library search
techniques has been undertaken. Plans under
way to utilize literature searching organiza-
tions; some correspondence will be initiated.

2. Correspondence will be initiated to locate
archived data and material.

III. Results

A. 1500 references pertaining to North Pacific and Bering
Sea have been located. From these some 500 have references
to distribution and/or biology of Benthic organisms in the
study area. These references are being accumulated, key
words and data content are being extracted or noted.

B. Approximately 30 letters have been sent to various federal
and state agencies inquiring about archived data and/or
biological material. Material has been received as follows:

1. Archived data from National Marine Fisheries Center -
Seattle, relating to Gulf of Alaska trawl surveys.



2. Archived material from United States Geological
Survey in Menlo Park.

3. Archived material from Gulf of Alaska is available
from J. M. Armentrout, Mobil Oil Company.

4. Archived material from Walrus Feeding Studies in
the Bering Sea has been received.

5. Archived material from Northwest Fisheries Center -
Kodiak, has been received and contains 165 lots of
material.



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 10 R.U. NUMBER: 282/301

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-.
ified in the data management plan.

Cruise/Field Operation Collection Dates
From To

(2)
Marine Fisheries Data ----

U.S.G.S. Data
(2) ----

Mobil Oil Data (3) ----

(3)Walrus Data ----

M.F.C.
Data

-  ‘0diak(2) ----

Notes:
(l) Estimated submi~~ion

----

----

----

----

----

Estimated Submission Dates (1)

dates are contingent ”upon final approval. .
of data management plan submitted in draft form Oct. 9, 1975
and University of Alaska approved form November 20, 1975 to
NOAA . Also, final agreement by all parties on the data format
is necessary.

(2) Identified operations refer to data received, see Results.

(3) Identified operations refer to archived material, see Results.
No dates are given for submission due to lack of funds for.
working up data.
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OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTIUICT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 10

PRINCIPAL INVESTIGATOR: Dr. Howard M. Feder

Period April 1 - December

Total Budget

Salaries & Wages 51,046.00

Staff Benefits 8,625.00

Equipment -o-

Travel 3,750.00

Other 5,200.00

Total Direct 68,621.00

Indirect 29,198.00

Task Order Total 97,819.00

31, 1975* (9 mos)

Expended

2,870.00

488.01

-o-

-o-

-o-

3,358.01

1,641.64

4,999.65

Remaining

48,176.00

8,136.99

-o-

3,750.00

5,200.00

65,262.99

27,556.36

92,819.35

~ Preliminary cost data, not yet fully processed.
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Cont~act # 03-5-022-56

Research lJnit # 284

Reporting Pzriod 7/1/75-3/31/76

Number of i’ages 32

FOOD AND FEEDING RELATIONSHIPS Iii THE BENTJJIC AND DIMERSAL FISHES

OF THE GULF OF ALASKA AND BERING SEA

Ronald L. Smith
Alan C, Paulson
John R. Rose

Institutz of I.farine Science

University of Alaska

March 31, 1976
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1. SUMNARY OF OBJECTIY.R3, CONCLUSIONS Al\~ IMPLICATIONS

The o’njectives of this first yearfs study were to:

1) generat~ a biblj.o~raphy pertinent to fish
tropliic relaticl:.~hips  in the study areas,

2) amass a collect~.un of guts from the benthic
and demersal fishes within the study areas,

3) present preliminary food analyses for two
fish species from the Gulf of Alaska and
two species from the Bering.

Our ultimate goal is to construct a detailed

feeding relationships of the fishes ia these

picture of the food and

two study areas. This will

(or should) include analyses of predator- size vs. prey composition; bot-

tom type, temperature and location vs. prey composition; prey composition

in diets vs. prey abundance; prey composition vs. season. The rationale

behind this study is to develop an ability to predict the impact of oil

development activities on the fishes in these two areas. Clearly, for

example, activities which affect benthic invertebrates will directly af-

fect those fish species which feed

others designed to study acute and

on them.. This study, coupled with

chronic toxic effects on the fish pop-

ulations, will establish the predictive base necessary to make management

decisions. It is already known that certain specific geographic areas

are fairly critical as overwintering areas or feeding areas for some of the

fishes.

in these

study is

Exploration and drilling activity could have a much greater impact

areas than in others. Again, one of the ultimate goals of this

to elucidate some of these area effects.

1
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A. General Nature ancl Sccpc of SEudy

TIIis study .i, s~ in this first year, very li~l!ited  in scope. Our

collections have been limited as have our prel~.ciinary analyses. It is

the nature of thi:; study to rlcvelop a picture of the food and feeding

relat.i.onships  of most, i.f not all, of the fishes present in tbe study

area.

B, @ecific Objectives

This study is charged with making a collection of stomachs, with

curating them and with performing preliminary analyses on several species

each from the Gulf of Alaska and the Bering Sea.

c. Relevance to Problems of Petroleum Development

The fishinS industry is the most important economically in the state

of Alaska. Commercial fishing in Alaskan waters contributes heavily to

the landings of at least three other countries: Japan, Russia, and Korea.

To an unknown extent, oil exploration and development or-t the outer contin-

ental shelf will impact these fisheries. Impacts other than economic will

also occur but will be difficult to access. The relevance of this project

is to add to the total fund of information available on the risks of oil

development, Other information will be provided, hopefully, on the benefits

of development. This is the strength of scientific investigation, to

clarify the risks and benefits which will come out of a particular course

of action. Thenl the politicians will have some firm ground on which to

base their decisions.

2
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111.

Knowledge abou~ Che

CURRENT STATE

food, feeding and trophic relationships of fishes

is scattered widely through the

literature and includes papers in English, Russian and Japanese. Other

works ti-ith pertinent informa~ilon on congencric species are even more pre-

valent in the *scientific  literature. These latter papers deal uith food

and feeding of Eippoglossus, Lh.mda, Glzjptoceph.zlus, Gadus and other re-

levant genera from the Atlantic and also from east Asia. We have not

attempted to

have brief~y

to the study

Ocean perch,

summarize the existing knowledge orI these congencrics but

discussed what is known of fouz of the fish species common

area. The four are the flathesd sole, rock sole, Pac%fic

and Pacific halibut. Similar summaries are possible on sev-

eral other species commcn in the area. However, the vast majority of

fishes from the study area are very poorly studfed. Summaries of the four

species follow.

A. Flathead Sole h’ippoglossoides elassodon

A survey of available information on this species seems to indicate

that studies have been largely restricted to

coast.

In the Bering, feeding intensity varies

This species does feed during the winter but

the Bering Sea and Washington

seasonally and geographically.

much less intensely than

during the summer months. On the basis of percentages of fish with empty

stomachs, feeding is more intensive in the southeast Bering, least inten-

sive in the central Bering. A ranking of food items according to Z fre-

quency of occurrence is ophiuroids > shrimps > amphipods > fish remains z

molluscs. As H. classodon  migrates from southern wintering grounds in
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the 13i:r~ i}[; :iLs die~ sl~ift:j  from p]:c~.doulint~~~::j{.y  cc. hinodcrm:; and Pan(.h Zus

horea Iic. ‘rhe sllrj.np 5-s ze~laced Ly hyperj.idz  , euphau!; iids and cllfietog-

nat!ls ~ vk. ~1.e tl~e ecl)~.;~oc,c.m.ls,. dr(-]p out ent izd.y.

Studies from V,?s; ringtcm state  i.;id~cat~  this spec~.es ingests both

benthic and pelagic i=oo(~ or~rin~cni?~s . C1-mn;es in diet wit-h age are evident,

the smal.J<<sL fish feedin~ prinmrily on mysicls, larger fishes beginning

tO e(3t SI1’15.V13S and tlicn fishes. l<ature fi:;hcs have the highest perc.en-

tzge of cm~~y stomachs at the pea-k of spawning. Other food items re-

ported from this area include cl~i~s  ai~d  womns.

??Ood , feedi.n.g arid basic life history infolm.ltion  from the Gulf of

Alaska j.s apparently IIOil~XiSE~~t. lli.s preseat study will partially fill.

the void, aild, hopefully, add to existin~ knowledge of th~s species in the

Bering. It would seem that the southeast Bering in the summer is a sen-

sitive period in the life of this species fron the viewpoint of food and

feeding. This summary was drakm from the following: Smith, 1936; Minerva,

1968; Skalkin, 1968; Miller, 1.970.

B. Rock Sole Lep{dosetta  b<~<necta

As with the flathead sole, there seems to be little information on

this species from the Gulf of Alaska, yet quite a bit from the Bering Sea.

Like several other fishes in this region, the rock sole exhibits feeding

and distributional changes over the course of a year.

Little or no feeding occurs on the wintering grounds in the Bering

with slight feeding activity beginning in April. Most intensive feeding

occurs in June and July. One report lists summer diets consisting mainly

of polychaeta, 62%F; molluscs, 37%; crustacea (mostly shrimps) 14% and

some fishes anti echinoderms. Diets apparently differ from one region to another.
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AlthouGl~ L. biLiEc!<Lt5  is found all over the southern half of the

Uering, two major conccn~rations  have been delilieated for purposes of

commrcial ex]ploitati.ono One is located just north of Unimak and the

other in central Bristol Eay. These concentrations move in the spring

as indicated by the Fi2ure b~’mw. Dense schools are reported to form

durj.n~ both the winter and summer.

Food items reported from Washington and California include clams,

chm siphons$ polychaetes, shri~~p~,  sna~l crabs, “ophiuroids  and ilrmoc~yi;es

(Forrester and Thomson, 1969; Roedel, 1948). Other references used

above are Ska,Skin, 1968; Shubnikov and Lisovenko, 1968.

The two centraticns mentioned above are important and would be

particularly vulnerable during the intensive feeding period. Impacts

affecting their major food organisms, the polychaetes,  could also have

a major impact on the Rock Sole.

c. Pacific Ocean Perch Sebastes alutw

Marked seasonal shifts are evident in this species with respect to

both geographic distribution and feeding habits. In the Bering from

January to 14ay densest concentrations of adult fishes are found in Bristol

13ay and south of the Pribilofs. During the rest of the year they extend

well into the central Bering. In the Gulf of Alaska during the periods

from May through September, concentrations occur near L!nimak Pass, near

the Sh”&nagink, Kodiak, and Yakutat (see Fig. 1). Vertical segregation

according to size is suggested by catch data; larger sized fish being

caught at greater depth (see Fig. 2).

Existing information on food habits indicate that in the Gulf juve-

niles feed on planktonic crustacea, Benthic juveniles feed very heavily
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Figure 1. Distribution of Pacific ocean perch in the Gulf of Alaska during

the principal feeding period (from Lyubinlova,  1965).



Gri eupha-cs~ids  and pandalld shrimps. Adult si:omach  cont~nts contatfied

75% crustacc:l (again euph~lusiicls  2Ed pandalids, primarily.::}, 15% squids

oafid G-7A f<sh>::s, In the 13erinC relative impcrt~nce of focxl 5tCZi2S  V2~i.C?S

with bot’h depth ancl size. Gn the skclf L;. all!t~;s feeds r.a.inly m cal.anids

while at 200-300m on eupl~?.usiids, and on mysid.s and squids below 300~..

Summer populations in the Gulf of Alaska appear to be fora~in~ agg-

regations. Some of the Russian wGrk suggests that mature fish do noc feed

during the rest of the year (October through April) (see ?j.g. 3).

From the standpoint of impzct from oil exploration and de\7elopment,

the concentrations in Bristol Bay in the sprin~  slid the summer cei~c~ilt~a-

tions presewt i.n the Gulf wculd be important. InfomLaticn on this important

but declinixg  species ICZS gathered from Lyubizova, 1968; Skalkin, 1°6S;

Quast, 1969; NajGr and Shippen, 1970 and Isakson et al., 1971. Additional

information Gn feeding habits and seasGns in the BerinS Sea. would be very

useful in determining tb-e most sensitive periods and geographical areas

for Pacific Ocean Perch.

D. Pacific Halibut Hippo~lossus stcnolepis

This species continues to be an important fish from a ccmnnercial

standpoint. Impacts felt farther down in the food chain will certainly

have an effect on this large carnivore.

Young halibut becGme established on the bottom after 6-7 months of

pelagic larval existence. The earliest

than 100m. During ontogeny individuals

water. Immature halibut are relatively

the Gulf of Alas?:a are known to migrate

miles in some cases.

7

juveniles occur in water shallower

tend to move offshore tG deeper

nonmigratory while adults from

rather long distances, up to 700
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Figure 3. PerceL]t;7ge of full stomachs in samples of Pacific ocean perch

taken each month in the Gulf of Alaska (from Lyubimov:+, 1963).
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LGd(i JJP.Tf2 LO1J JJG C(Jr ¶3L; (Ihb(IL(;UJ? IJO rrpTc 4OifJOA

~v . STUDY AREA

The study area includes the Gulf of Alaska, primarily the area

bounded by Yakutat on

Bering Sea study area

collections come from

the east and Resurrection Bay on the west. The

lies principally in the southeast. Almost all

stations south of Nunivak Island. Collections

will include fishes from Bristol Bay, the vicinity of the Pribilof Is-

lands and along the continental slope. We also hope to get collections

from the vicinity of Unimak Island.

v. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A. I?ish Stomachs

Sources we have and will draw upon:

!Vortih Pae~-fic charter, summer 1975, Gulf of Alaska

Miller Frccmcn fall 1975, spring 1976 Bering Sea

9



— .—— -.— .-.. -—. .- —- ——. . . . . .- —-. —— ----- ..—

~-l 50. —-—
100.  —.—

}

-5
rjglJ-2 20.3. -.. —

a-3

~-+
}7

f )

- 6

Figure 4. Diagram of the seasonal distribution and migra~ion of the

halibut in tile southeastern Berin8 Sea:

l-January-April; 2-May; 3-June; 4-.Tune-Septeml]er;  5-isobatl}s;
6-clircccion  of migrations
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Surveyor spring 1976, Bering Sea

AZphu l?elix 1970, 19;71, 1972, Eering Sea

NMl?S charter, ~p~j.11~ or sliriwlcl-9 1976 Eli?xin: sea

Halibut Commission chzrter, swmer, 1’376, Gulf of .41asks

Methods employed in obtaining stomacll.s:

capture: otc.er trawl

selection of iric?ividuzls  to be retz:~ed: unknown, but
undoubtedly depended on what was in catch

disposition of samples: varicms, dependent largely on per-
sonal bias of collectors. Some fishes were preserved whole
others had stomac.h.s removed and placed in cloth bass, still
oth-ers  were preserved as anterior halves af fishes only

Rationale for collections:

original concept was to obtain a representative sampling of
fish guts from a variety of bottom types, locations and times
or the year. These collections were to be made simultaneously
with henthic j.nvert collections (trawls and grabs) so that the
effects of tnvert abundanc~ aad fish selectivity could also be
studied. Relatively few of our stations correlate with grab
stations and few station samples were adequate. We don’t know
if our samples are representative. The chief problem lies in
the fact that collections have been made, when made at all, by
personnel whose primary interests have been elsewhere.

B. Stomach Analyses

Methods employed in analysis:

Methods are those outlined in the work statement. If stomachs
only are present we sort the prey items to the lowest taxonor,ic
level possible, complete the identifications we can and retain
the organisms preserved in vials awaiting final identification.
When intact fishes are processed we record data on standard
length, sex, gonadal maturity and stomach fullness.

Rationale for analytical procedures:

Only preliminary data are being amassed since we do not have
budgeted funds to pay the Marine Sorting Center for the iden-
tifications we need.
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Table ?.. Feocl of rex sole from Gulf of Alaska

— - — — . --

Prey Item. l?requency of Occurrence (ZF)
—.——-— ——

POlj7Cl}~CtSS 657<

Crabs 55X
Uni.dcnti.ii.able  Anin::l ;;atter 33X
Euphatisicls 28%
Panda?.j:d Shrhp 25?
(k~lac~~~s 22%
Amphipods 52
I?elccyptids 3X
OphiurOicis 2;L

Teleost Fishes 22
— ———

To date ~’ne s~omzchs  of 151 specimens of Atilwnwsthes

cx~.ntned for concencs, The specir,ens ranged in size

stcm~as have

from 82 mm to

680 m, standard length. Of the 151. stomachs examined, 73 were found to

have con~ents, the other 73 were empty. The breakdown of the contents can

be seen below (Table 2) in frequency of occurrence. On considering the

volumetric measurements of the various prey

probably constitute 65% to 75%( of the total

groups, the teleost fishes

volume of prey consumed.

Table 2. Food of arrowtooth flounder from gulf of Alaska

Stomach Contents Frequency of Occurrence ZF

Teleostei 40%

Pleuronectiformes 1%
Pollock lx
Arrowtooth flounder lx
Herring 1%
Zoarchids 3X
Capelin 4X
Unidentified Teleosts 291

Euphausiids 362

Decapods 24Z

Pelecypods

Ophiuroids lx

Uniden~ified  Animal Matter 10Z
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a3.opods.

.-.——...———--— — ——.

Stomach Contents ~~~quency  {)f Occl~rrenc.e  %F
——.———.-——-— — ——.——.

Euphausiids 90;4
Amphipod.s 192
Fishes 17%
Crab megalops 11:{

%ri~l~ 82
Cephalopods 2Z
Pelecypods 22
Copepods 22
GasCropods 1%
Polychaetes 12
Unidentified material 312

VII. DISCUSSION

As statecl in previous quarterly reports and in the work staten!ent

itself, a larger budget will be required for F’Y 1977. The backlog of

fishes to be examined and prey organisms to be positively identified will

necessitate a greater effort than was possible under present budgetary

constraints.

Sources of information on feeding relationships of fishes from the

study area are scattered and often anecdotal. Some information exists

on feeding of pertinent species but in areas outside the present stu~y
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area. More peripheral.  information exists for related species from other

northerly areas, especially the northeast Atlantic.

Literature has been smnarizcd on four species and our own data

on thl-e~ more. Very preliminary

role ~ flathe=d ~o~e and rex sole

The pollock, a~rcm:tooth flounder

indications are that the kdibut, rGck

are predominantly benthic feed.crs.

and Pacific Ocean perch largely feed

off the bottom on pelagic organisms.. Activities which impact the benthic

environment and its invertebrate fauna will have impact on the former

species. Activities which primarily affect the pelagic errvironmeilt will

have effects on the latter species rather quickly. However, since the

benthic  fauna is ultimately dependent on primary production in the pelagic

environment, it too will be affected, as will the fishes feeding oil the

benthos.

From the little inforz~ation  at hand on seasonal variation in distri-

bution and feeding, a riumber of critical areas can be suggested. In the

Bering, winter concentrations of halibut, yellowfin  sole, rock sole and

perhaps flathead sole as well are all found just to the northwest of

Unimak Island. Pacific Ocean perch concentrate just south of the

Pribilofs and in Bristol Bay. Although feeding is not intense at this

time, large numbers of fishes could be affected in a very few locations.

In the Gulf, Pacific Ocean perch wou~d be particularly vulnerable to

effects of development during the feeding season when dense feeding agg-

regations apparently form south of Unimak, southeast of the Shumagins,

and east and south of Kodiak.

Much more data is needed on the feeding habits and seasonality of

feeding within the fish fauna. This is especially true of the Gulf of

Alaska, which has not come under as much intensive scrutiny by the Russian

15 486
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Ix. NEEDS FOR FUItT~lEP. STUDY

a. More information  on t~opl!ic rel;~tionsllips is ne{:ded On the CO:l-

tinental slc)pe in the BeIi,ng ar,cl at the proposed lease s;.tes in

both Bering and Gulf of Alaska.

b. Seasonality of feedin~ has been shown to be very important.

Further wor]: on seasonality of feeding is critical, especially

in the Gulf of Alaska,

c. More complete information is needed on the relationship between

fish size snd food habits.

d. A critical area for further study is the relationship between

occurrence of prey or~anisms  in the diet and prey availability.

This seems Eosc feasible in benthic  feeders and involves close

coordination with Dr. Feder’s benthic studies.

e. All needs mentioned above are contingent on additional funding

to permit identification of archived materials to the species

level. Any real understanding of trophic relationships will

require a large additional expenditure of funds. These identi-

fications are ahsolut= C~UCiillo. . — — — .
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!fS 2PTh nJq poLc;oLX VTi1:TG

Fish s~(>~~~{~h s~~.pli~. ‘.:ill be ccllect.ed  on J.egs I, 111 and possih.ly

11 of the )f~ller .r~+:c.won  spring cruise in tF1e 13ering= I wi].1 have

part of one man on ICE I and a ~2~i CD leg ITI. Fishes will also be

col.lectcd on the ~?~.,,..u,P ~“WOi> spring cruise i~ thLf? Bering (Leg 1, zt

least and possibiy  Le~ 11). The Ictter is tilrough the kir.d cooper-

ation of Dr. John Burns , .41.ask~. Dept. Of Fish and Game. ~.~e hat,e ~r-

ranged for fishes to he s~.mpled zn che charcer trawler of the Far.ific

Halibut Commission in the Gulf of Alask:.

?. . Scientific party invo].ved in project:

R. L. Smith, IMS, Principal Investigator

A. C. Paulson, IMS, Biological Technician

J. R. Roses INS, Research Assistant

M. Hoberg, IHS, part-time Biological Teclmician

3. Methods:

same as previous methods.

4* Sample localities:

Station locations depend on other investigators since our operation

is simply worked into the field program at the convenience” of other

investigators. We will, hopefully, receive station locations and

station data at the conclusion of the spring cruises.

5. Data analyzed:

Of the total preliminary sorts refered to earlier, the following

were performed this quarter:
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Anc?riyasliev , /’,. J?, 19$4. l?i=h~~  0[ tl]e ~Oi-the~~  S.S~S Of thc U.S.S.R.
Isr. Pro~. Sci. Trans. T’.C63-l.ll~;3, 617 p~>

Ariltz, i’. w. E. 19:71. Die Nahrung cler Kliesche (Liwanc?cz  ~~rmzk [L.])
in der Kieler 13ucht. Ber. dt. i~iss. kormm, Meeresforsch 22:129-163.

The gut contents of 1551 dabs ~,~ere taken over ‘a one year period from
six st~:~y ~1-e~s. lwin~al cycles of food composj-tion al?d diurna~ r;]ythms
of food ini:aks were examined. DQ.ta were used to estimate food consun

The aucho~-tion by cli~fe.rent S~ZZ ~rauns of Zab per day and per year. .
.

then calculated the total consumption of macrobenthos during the same
period. Arinual Z’zerages of food consumption were: Polychaetes  31.%,
crustace~.ns 26%, mol.lusts 24%, fish waste (mainly intestines thrown
overboard by cod fisherman) li2, echinoderins 4%, and priapulids 4Z.
Diets were showm to change with the size of the dab as well as with
season. Echinoderms were preferred in winter while cnstaceans and
polychaetes were preferred in the summer. In many cases no correlation
could be established between fcod abandance ancl seasonal food preference.
The daily feed~n~ rzte was lower than in the plaice. The dab consumes
about 3% of its body weight per d~y. So in a year, the dab consumes
10 to 11.5 times its own initial weight. The ratio of consumption to
production of the dab was: 1:25 for the total macrobenthos; and 1:14
for main food items. The author felt these figures were baised by
an underestimation of the macrobenthos biomass.

Cunningham, J. T, 189(3. A treatise on the common sole. Mar. Biol. Ass.,
Plymouth. 147 pp.

Soles v?~lgaris,  S. lascaris, S. variegata, S. Zuteu, and S. greexi
are discussed in terms of the morphology of the skeleton, musculature,
digestive system, reproductive system, nervous system, and che skin.
Distribution, feeding hzbits,  behavior, development, and taxonomy are
examined. Aspects of the fishery also receive attention.

Dando, P. R. 1.971, Lactate dehydrogenase polymorphism in the flatfish
(Heterostornata)  . Int. Council Expl. Sea Wpp. Proc. verb Reun.
161:130-133.
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i<oh”,er, A. C. lg~~. Size at maturity, spawning season p.nd food of the
Atlantic halibut. J, Fish. Ms. 3d. Canada 24(1):53-66.

host males of fityogZossw l?.{p;c:hssus mature at 96 to 100 cm.
Halillut ~~p to 30 cm ions ate invertebrates, halibut from 30 ‘co 80 cm

“d fishes,.lte lnvertc~rate  .s ,.~j and halibut over 80 cm ate fish almost
exclusively.

Mi.1].er, B, S . 1965. Food and feeding studies on adults of two species of
pleurmectids  (FZ~&icJltkys stelZz5tis and Psettichth~s  meknostic~tis)
in East Sound, Orcas Island, Washington. 11.S. Thesis, Univ. of Wasl]ing-
tonm 131 pp.

There is no overlap in the food and feeding habits of starry flouvders
and sand soles except that they both are diurnal feeders. While starry
flounders completely ceased feeding in the winter the sand sole exhibited
only a slight decrease in feeding activity. Starry flollnders  fed pri-
marily on priapulicls, nemerteans, polychaetcs, and larnellibranchs.
Brittle stars and sea crabs were of secondary importance. Sand soles fed
mainly on fish, especially herrings. Mysids were quite important while
shrimps and squids were of secondary importance. Starry flounders use
their stomachs primarily as holding organs for their food while sand
soles use their stomachs for diScstive purposes. Starry flouniers emptied
their stomachs in tibout nine hours. Sand soles retained fish in their
stomachs for over 24 hours, but cycled mysids through in a maximum of
11 hours. FeedinG habits are reflected in morphological differences in
mouth size, dentition, and Gill rakers.

Niller, B. S. 1967. Stomach contents of adult starry flounder and sand sole
in East Sound, Orcas Island, Washington. J, Fish. Res. Bd. Canada 24:
2Z15-2526.
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JJ'7 GOUILIJGJCY'JT LTaP.A IW tT1' L;1GU pGX ¶JL flJ 4UGTL booLG hLr)2rcsj
iic;iricarc2 (\j) GGqIJ cuJ3q (JflLTiJ fl16 IIJOTJqJ O lGW!)GJ4(1LG

JLTCJ iJLIJGTTJpLJrJcrJ3 DJ1- -i nJ BGLCGIJc i'opiui (ti) iuq bGLccu
jji; 21LLA UO1ILjGL Gq h uJtJLffX 015 LGJJJ h0T2IcJGG

Mill~r, T.. S. 1970. Food of the flatheacl sole (~]i.ppoglossoi.dcs  elczssodon)
in E.zst Soluld, Oxcas island, Washin8tcE1. J. Fish. Res. 13d. Canzda 27:
1661--1655.

The fl.a~heacl  sul.e fed both on bcnthic or~anisms  (clams, polychaetes,
and p~a crabs) and on n~:ktonic organisms (m.ys~.ds,  fishes, and shrimps).
The STI~~~CS~ sole (/+0 tO 179 Tom total length) ate primari].y mysids,
With an increme in size, they began to utilize first shrimps ad then
fishes (main].y herring). All but the largest (320 to 440 run) continued
to feed hsav<ly oa mysids. Fishes over 320 nun exhibited i_r,e greatest
proportion of erni]’cy stomachs in the varrner ~~ilth~, while srlal.ler SOIP.S
had tile higl~est.  nu;?ber of empty stomachs durii~g the colder months. In
mature fishes, tile hi.Zhest frequency of empty stomachs cccurred during
the peak of spawning.

Minerva, T, A. 1968. On the b~ology of some flatfishes  in the eastern Bering
Sea. Tfi Sov. l?ish. Inv. N. I?oc. Pt. II. Isr. Prog. Sci. Trans. TT67-
51204, 289 pp.

Six species of flstfishes  were studied: The yellowfin sole Lina?~~A
aspe~a, the roclc sole Lepidopsetia bilineata, the flathead sole
Hippoglosso-z%es  eZassodox, the Alaska plaice Platessa  quczi~itzzbepeulata,
the rex sole G2yptocepha2us  zaehii~us, and the snout sole Limmda pwzc-
tatiss~ha. The stomach fullness of the flathead sole (i.e. Z fish with
empty guts) showed that feeding was m,ost intensive in the southeast
Bering Sea and was least intensive in the central Bering. In order of
importance (%F), flathead soles ate ophiuroids, shrimps, amphipods,
fish remains, and molluscs. The flathead does feed in the winter but
less than in the warmer months. The Alaska plaice fed mainly on molluscs
and worms, and to a lesser extent on amphipods and ophiuroids.

Moiseev, P. A. 1953. Cod and flounders of the far eastern seas. (In Russian.)
Vladivostok, Izv. Tikh. Nauchn. Issled. Rybn. Khoz. i Olceongr. No. 40.
(Fish. Res. Bd. Canada Transl. Ser. 119:463-490.)

Muliclci, Z. 1974. The food and feeding habits of the flounder (Pleuronectes
fzesus L.) in the Gulf of Gdansk. (In Russian.) Arch. Hydrobiol. i
Rybactwa (Gdynia) 13. (Transl.  OTS 60-21490(1963) :87-115.)

Mulkma, 11. S. 1966. The growth and feeding habits of juvenile fishes in
two Rhode lsl.and estuaries. Gulf Res. Rept. 2(2):97-167.

Juvenile fishes of 4X species were studied with reference to importance
of estuari.nc systems as nursery areas. Growth and feedin: habits were
emphasized. The discussion emphasized l.!crnkli.a mc?zidia, ZJ;;cl~~lop2cz{roneekes
amc~icanus, Brevoortia t~jmnnus, (:~ugea hert?~igi, and ()?TCYJUS F?Y>lJC?CZZ.
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Nikolrskaya, N, G. and I. A. Verig~.na. 1.974. Structural characteristics of the
organs of feeding and digestion in three Ihite Ses flounder species in
relation to food consumed. .J. Ichthyol.. 14(1):99-108.

The structure of feeding and dtgestive orga~s were studied in Platiehthysus
flesus, Liopsetita glacial-is,  and Lima?da Zi=z?k, Differences in the
structure of jaws, the pharyng~al apparatus, relative gut length, and the
histology of the stomach ~.~ere related to feeding habits.

Novikov, N. l?. 1968. Basic elements of the biology of the Pacific halibut
(Hippo;ghxssus hippoqlosstis  stmolepis Schmidt) in the BerinE Sea. In
Sov. Fish. Inv. Ii. Pac. Pt. II. Isr. Prog. Sci, Transl. TT67-51204.
289 pp.

Length and weight, age and growth, reproduction, diet, distribution and
migration, and management considerations are discussed. Prior to this
study there was no feeding data from the southeastern Bering Sea except
a statement of the Int. Pac. Halibut Comm. stating tltat small halibut
(19 to 63 cm) feed exclusively on shrimps. ?iovikov found that small
halibut (up to 30 cm) fed mainly on crustaceans, which occurred in 89X
of the stomachs examined. Thz most abundant crustaceans were shrimps
(78%F) . Nedium Ilalibut (30 to 60 cm) shift to a diet comprised largely
of fishes. Flatfishes, smelt, capelin,  pollock,  and sand ].antes total
61%F, while crustaceans (especially shrimps and hermit crabs) comprised
33%F. The role of molluscs and other invertebrates was insignificant.
LarGe Ilalibut  (60 to 90 cm) ate mainly flatfishes, particularly yellowfin
sole. Next-in dietary importance were pollock, smelts, capclin, ‘sea
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Olla, B. 1., C. E. S::lnct and A. L. Studhol.ne. 1972. Act~.vity and feeding
behavior of the summer flouader (Pcmalickthyz dmt;[tl~s)  u~der C03:r911d
laboratory conditions. l?ish. Bull, 70(4):1127-1136.

Feeding by the summer flou~der can occur equally well on ths bott~m or
in tbre wster c~luwn, muctl like the turbotj se@!):kQlmlls ?lWzi??is  . Ihth
these fishes are priricipally day feeders d~?pendiilg  on stght. Scme fecdi!]~
does, however, occur at night. The behavioral literature of ott,er flati~.c’nes
is reviek’ed.

0112, B. I., R. Wick!.md and S. Wilk. 1969. Behavior of :.?inter flo~mder in
a natural ‘nabitaL. Trans. Am. Fish. Sot. 98:717-720.

The feeding posture is describecl: The hezd is rzised off the substrzte
with the first 12 to 17 rays of the dorsal fin. The flox~’.er fed mainly
on bivalves and. mlluscs. Also ea~en, in order of decreasic~  ir;po~t~il~e
were: algae, annelids, crustaceans, and sea anemones. SiSht was critical
for feeding of zdulcs and juveniles, so this species mainly fed d’uring the
day. Stomach evacuation time was 7 to 9 hours for juveniies  and 7 to 11
hours for adults.

Orcutt, H. G. 1950. The life history of the starry flounder, Platichthys
stellatus (Pallas). Calif. Fish Game Bull. 78:64 pp.

Pandian, T. J. 1970. Intake and conversion of food in the fish L{mw??
~ima%dd exposed to different temperatures. Mar, Biol. 5:1–17.

Rae, B. B. 1956. The food and feeding of the lemon sole. Mar. Res.
1956(3):1-32.

Rae, B. B. 1963. The food of the megrim. Mar. Res. 1963(3):1-23.

Rae, B. B. 1969. The food of the witch. Scotland Dept. Agr. Fish. Mar.
Res. 2:1-21.

The feeding habits of GlgptoeepkaZ~{s  c~~noglossus were given in Y(F, with
prey organisms identified to genus or species. Dramatic seasonal feeding
differences were shown, with peak feeding in June and July, a decline in
feeding from August to November, and minimum feeding in December. Poly-
chaetes were the most important food (81%) followed by small crustaceans
(60%), chiefly amphipods and cumaceans. Other food items included molluscs
(14%), echinoderms (4X), anthozoans  (6X), gephyreans (2%), nemerteans  (2?<),
and fishes (1%), Anthozoans, gephyreans, and fishes can be of greater
value to lat~er fishes in certain nreas. Feeding habits of the witch were
compared to tile megrim and the lemon sole, concluding there are few prey
species common between predators.
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Rylm-d, J. s. 1964. The feeding of p]. ai. ce and S2Td-ed larvae ~n the south~i-n

Noltll sea, J. lhr. Btol. Ass. U.K. 44:343-364.

Shulmilcov, D. A. snd L. A. Lisovenko. i968. Data on the biolosy of rock
sole of the southeas~ern Bering Sea., fi? Sov. Fish. Inv. N. Pac. Pt. II.
Isr. ProG, Sci. ‘i_I-ansl.a  TT67-51204, 289 pp.

The r~ean wei~ht cf indis~id~la 1 L@&~s~$$a biil{nea-ba  was grszter fron the
west. coast of ljz~xcllatka than fro?, the southeastern Bering Sea. The rock
sole’s diet inciuded pol.ychaetes (627;F]j molluscs (37Z)~ crustaceans -
mainly shrimps (14Z): ~Xl,-~ fi~;le.? and e.chinoderri:s were occassi~nal.ly talcen.
Little feeding occurs i.n the winter and early spring! and the most intensive
feeding is in June and July. Tine rock sole has a unique skyle of oviposition
on the bottom off i<arnc.ha~ka. in 100 to 200 m of water. This taken place
from mid-FebrL!ary  LO mid-April. Sextial maturity is at.taTn.ed  at 5 to 7 years
of age. The maiil comawrcial areas aze northwest cf Unimak and in central
Bristol Eay. This species forms dense schools in the winter.

Skallcin, V. A. 1959. Feeding and feedj.ng interrelationships of flatfishes in
the sha].lows of Ilinslc. (In Russian.) Izv. tikhookean.  nauchno. , Inst. ,
ryb. Khoz. Okeanogr.  47:62-75.

Skalkin,  V. A. 1968. Diet of flatfishes in the southeastern Bering Sea.
In Sov. Fish. Inv. N. Pac. Pt. I. Isr. Prog. Sci. Transl. TT67-51203.
333 pp.

Sumner diets were examined in the yellowfin sole, rock sole and the
Alaska plaice, showing that most food predominantly came from certain
groups. Diet did sometimes differ from one region to another. The
yellowfin sole ate primarily mysids, euphausids, Pandalus borca2is,
Serl’ipes groenlc-wtieus, and several other molluscs. The rock sole fed
mainly on polyehaetes and some molluscs, and the Alaska plaice principally
took molluscs and a few polychaetes. F’lathead sole ate ophiuroids and
some crustaceclns. The best yellowfin  feeding grounds were in water less
than 60 m deep. The apparent similarity of feeding by Alaska paice with
the rock sole, and the Alaslia plaice with yellowfin sole may have been
largely due to difficulties in identifying the polychaetes.

Suyerhiro, Y. 1941. A study of the digestive system and feeding habits of
fish (Pleuronectidae).  Jap. J, Zool, 10:224-233.
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Suyerhiro,  Y. 1942a. A sLudy of the digestive system and the feeding habit
of the important fishes of the North Pacific. 11. The plaice, Lep{dops~tka
mochigazwi (Snyder) and the halibut Hippoglossus  elassodon (Jordan and
Snyder). (In Japanese), Bull. Jap. SoC. Scie.nt. Fish. 3:65-72.
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Suyeriliro, Y. J94~~e A stud] on the cli:estivc system and feeding habits of
fish, ‘&Tap, J. Zocll. 10(3.):1--303.

‘iWd: R. A. 1915. Report o: the foo(d of the plaice. Fish. Inv. London 2(3):
1-31.

Villadolid, I!, V. 1927. The flacfishes (Heterosonata)  of the Pacific coast
of the Uilited States. PhD. Dissertation. Stzndford  University. 332 pp.
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Brunei., P. 1.963. Recherces sur Iralimmt:ation et les migrations verticals
de la morue. Rapp . Sta.. 13iol. Mar. Crando-Rivlere  1963(1964):45-50.

Research on the feeding aad vertical. migrations of the cod.

Brunei., P. 1965. Food as a factor or indicator of vertical migrations of
cod in the western Gulf of St. Lawrence. Spec. I?ubls. int. Comm. N.W.
Atlantic Fish. 6(1965):439-448.

Gotshall, D. W., J. G. Smith and A. Holbert. 1965. Food of the blue rockfish
Sehastodes  myst-inus. Bull, Calif. Fish Game 51:147-162.

The stomachs of 806 roclcfish were examined yeilding 223 empty stomachs.
The followinz  major food items were recorded: crustaceans (37XF, 3%V),
tunic.ates (28XF, 44%V), scyphozoids  (21ZF, 122V), algae (20%F, 17%V),
fishes (8%F, 12XV), hydroids (4XF, l%V), and miscellaneous (25ZF, 12%V).
Differences in feeding habits of rockfishes  were demonstrated by geo-
graphic area, water depth, predator size, and season.

Hart, J. L. 1949. Food of fish of the cod family. Fish. Res. Bd. Can.
Poe. Progr. Rept. 79:35-36.
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Horstead, S. A, and E. Smidt. 1965. Remarks on effect of foocl animals on
cod behavior. Spec. PubIs. int. Comm. N.W. Atlant. Fish. 6(1965):
435-437.
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A stomach capacity of 6.5 to 7.5Z of body weight was dcmcmstrzted for
S. inerm5s. The erptying rate of the stomach vzl-i.ed v?ith temperature
from 70 hours at 14CC to 140 hours at 7°C. At z temperature of 4.5°C
food intake was reduced to 1.4% of the body weight.

Ketchen, K. S, 1961. Observations on the ecology of the Pacific cod
(Gcz&ts mac~oce~hali<s) in Canadiaii  waters. J. Fish. Re.s. Bd. Canada
18(4):513-558.

Distribution, age and growth, and reproduction are discussed. These
warmer water fish display an earlier maturity, lower fecundity, and
shorter life span than stocks of colder regions.

Kudersky, L. A. 1966. Change in the feeding of the White Sea cod (Ga&s
moPht.zz mczris-czlfii Derjugin) depznding on their size in connection with
interspecific food relations. (In Russian.) Vop. Ikhtiol. 6:346-352.

Lambert, D. G. 1960. The food of the redfish Sebasi@s  r??izrinus (L.) in the
Newfoundland area. J. Fish. Res. Bd. Canada 17:235-243.

Major, R. L. and H. H. Shippen. 1970. Synopsis of biological data on
Pacific Ocean perch, Sebastodes  ahtus. U.S. Dept. Commerce, NOAA
circular 347:1-38.
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Discussion includes the species description, distribution, bionomics,
life history, population biolo~y, and the fishery. Pelagic juveniles
fed on planktonic  crustaceans while benthic juveniles are eupllausids
and pandalids. Adults fed on euphausicls, pandalids, squids, and fishes.
One author cited suggests that immature fishes feed mostly on Calanoids
while mature fish feed mainly on euphausids.
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i:,oj:.,:i::~  ~ C(!>c;):ds, clscapwls, ostracods, caprellids, ,annelil:l  wcrx~,
:;7., (! IT(-!l?i:;  cs. ~<e~,~tive  i~.)~]Ortance  of prey i~ems cli. ffered l_:2E”,.t’e-.  C:Il scul~~j.ns
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N:umi)v, 1’. ;.;. 195C. The. feedfng of cod in ~he Baltic Sea. (In Russian. )
ZTISL, l.iO:: Sk. ryh. KIOOZ @keanogr. 3G:127-S32.

~O~j.j<n~~, ~< ~. 19~.3. ~O~,e ~~~a On the food relatj_Ons of cod a~l,~ h~dcIocIL
f-~o]~l  ~?l~ ;:ye~;!:~  Setl. Dokl. Alcad. Nauk. SSSR. (Transl.) Eictl.. Sci.
Scrc. 146:i182-1184.

Novil;ovtl, N. S. 1966. On the problem of the dependence of the daily way
of feeding of tile 13arents Sea cod Gadus no~hua morh?m L. upun tide
phenwicna. (In Russian.) Vop. Ikhriol. 6(1966):91-97.

Outrarn, D. 1~. and C. Haegele. 1972. Food of the Pacific Hake (;_’z:PZ:mcZuS

p2’od,/ctus) on zn offshore bank southwest of Vancouver Island, British
Columbia. J. Fish. Res. Bd. Canada 29:1792-1795.

The feeding habits are given in frequency of occurrence (XI’) euphausids
94%; sand lances 267;; Pacific herring 5%; eulachons 5%, lanternfishes,
youns roc’kfishes, northern anchovies,
3X of less.

and pandalid shrimps e:~ch comprised
Fresh or near fresh prey occurred in only 9X of stomachs

taken during daylight, plus a high incidence (522!) of empty or near
empty stomachs suggest that there is little feeding during daylight,

Pereyra, W, T., W. G, Pea.rcy,
a shelf rockfish feeding
ecological implications.

and F. E. Carvey, Jr. 1969. Sebas$odes
on mesopelagic fauan, with consideration
J. Fish. Res. Bd. Canada 26:2211-2215.

flavidus,
of the

The yellowtail rockfish aggregated along the southern edge of Astoria
Canyon, probably in response to the inc;eased availability of mesopelagic
food . The mytophid Stenbrachius Zez.icopsu.rus was the. dominant food organism,
foil.owed by crustaceans, squids, and other invertebrates.

Popova, O. A. 1962. Some data on feeding of cod in tllc Ilewfoundland  area of
the N.W. Atlantic. In Sov. Fish. Invest. N.W. Atlantic, Moscow 1962:
235-252. (See also Isr. Prog. Sci. Transl. 1963:22S-248.)

Prince, l?. D. 1975. Pinnixid crabs in tl]e diet of younG-of-tl]e-year  copper
rockfish (E+’lxl::tes  caul+ms). Trans. Am.. Fish. Sot. 1975(3):539-540.
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During the su~mev no~it!~~ t;i~ sakl.efi.=1~ s. I.:itch to a d.~et including shriry>,
ctenopFLo-res,  and sowe ‘aentklc Ir.verteb-car:cs.

. .

Sidorenko,  1. N. 1963, Feeding cf cod in wcsc Greenland ~~s.tcrs. :?Z ~ov.
Fish, Inv. NtW. Atlantic. Isr. Prog. SCL. T~-ansl. 1963:249-?55.

Siflenstod,  C. A, 1971. Feeding ecology of the rock greeilling,  f!c=~pz’c’wnos
2ri30cx@?cL:us, in the inshore waters of ikrtchitka Island, Alaska. H.S. Thesis,
Univ. of Washington, 131 pp.

Skalkin,  V. A. 1968. Diet of rockfish in the Wring Sea. It?. Sov. Fish.
Invest. N.E. Pac. Part 11. Isr. Prog. Sci. Transl. TT67-51204.
159-179 pp.

The major food j.tems are euphausids and c.alanids. I&lative importance
of food items varies with both depth and size of the roclcfish. ‘Ihe rock-
fish apparently r-jse up tl)c slope to r.bo~’e 200 m at night to feed on
euphausicls. Ey morning tllr fish have retlirned  to deeper water, aTId little
fecdinc occurs. On the shelf, the l’acific rockfish (Sc!basto(~ic a~utus)
feeds mainly on calanids, at depths of 200 to 300 m on euphausids,  and
on mysids and squids beyond 300 m. J~!venile specimens (up to 32 cm ions)
ate calanids while lar~er roclcfish ate calanids and e.upll,ausicls. Some
dati~ iS also given for S~b~~~tedt?~ po~-;~sl)”~?:?~s.
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W.strheim,  S. J. 1958. On ti;e biology of the Pacific Ocean perch (Scbastocks
tzlui.t~s) (Gilbext). lf.S. Thais, Univ. of Washington. 106 pp.

Westrheim, S. J. ancl H. T.suyuki, 1971, Taxonc)m)7, distribution, and biology
~.>q=-+es Po@,Vp%~l’~s.of the northern rockfish, ,;..-,,.”,

,,
J, Fish. )les. Ed. Canada

28:1.621-1627.
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DATE :

cO~iTfUhcT l~i;t~~ll:

TASK OR1.)NR NUllEER :

PRINCIPt.L INWXTICATOR:

Period July

Salaries & Wages

Staff Benefits

Equipment

Travel.

Other

Total Direct

Indirect

Task Order Total

* Preliminary cost data,

OCS COORDINATION 01’FiCE

Univei-sity  of Alaska

ESTIMATE OF FUNDS I;?H’E:!?)ED

March 31.,  1976

03-5--022-56

21

Dr. Ronald L. Smith

1, 1975 - March 31, 1976:’ (6 mos)

Total !’)udoet- — . _ — o _

36,609.00

6,22.4.00

490.00

1,500.00

9,400.00

54,223.CO

20,940.00——

Expended Remaining— —  . -

18,867.57 17,741,43

3,207.45 3,016.55

-o- 490.00

352.81. 1,147.19

2 , 4 6 0 . 0 9 6 , 9 3 9 . 9 1

2 4 , 8 8 7 . 9 2 2 9 , 3 3 5 . 0 8

1 0 , 7 9 2 . 2 5 1 0 , 1 4 7 . 7 5

7 5 , 1 6 3 . 0 0 3 5 , 6 8 0 . 1 7 3 9 , 4 8 2 . 8 3

not yet fully processed.
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Following is part 2 of the quarterly report R.U.# 284 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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RD m~j~.[; -OCS COORDINATION OFFICE

University of Alaska
‘~~ 19 197~ ‘~

Quarterly Report for Quarter Ending December 31,
~7~Gu~

Project Title: Food and Feeding Relationships in the
Benthic and Demersal Fishes of the
Gulf of Alaska and Bering Sea. I ,-LI

+“<?’. ‘

Contract Number: 03-5-022-56
‘fi:J’ ‘

Task Order Number: 21
.

Principal Investigator: Dr. Ronald L. Smith

Ii

11.

III.

Task Objectives

One major objective of this” quarter was to complete collections
of specimens from the Miller Freeman cruise in the Bering Sea.
Another objective was to complete curation of fishes taken on
the North Pacific in the summer, 1975. We also wanted to con-
tinue our literature search and to make arrangements for examin-
ing stomach contents of fishes caught by other agencies in the
study areas.

F5eld and Laboratory Activities

Laboratory activities have centered around repacking of fish
specimens obtained from the Gulf of Alaska. Each station’s
catch, usually packed in a single bucket, is sorted into its
component species and repacked with identifying data. Specimens
from the Bering were preserved in buffered formalin and will not
be sorted at this time, Our next activity, already underway,
is the removal of stomachs from one or two species, rough sort-
ing of” contents and running some preliminary samples through the
Sorting Center for complete identifications.

Results

Leg III of the Miller Freeman cruise in the Bering netted the
following samples:

83 cod (Pacific and” saffron)
65 rock sole
9 6 Osmerus mordax
70 sturgeon poacher
59 yellowfin sole
73 long-nose dab
64 greenings (primarily ~. octo~rammus)
30 pollock
33 Alaska plaice
45 Myoxocephalus  Sp..—
37 unidentified sculpins
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20
67
10
15
10
4
9
6

wattled eelpout
sandfish
halibut
arrowtooth flounder
flathead sole
starry flounder
unidentified poachers
herring

In addition to these specimens in hand, we have made arrangements
for obtaining additional collections from the Bering Sea. NMFS,
Kodiak, has frozen fish specimens from the Bering Sea. We have
contacted John Paul Anderson and are arranging to have these
specimens air freighted collect to Fairbanks. Once heie, they
will need to be properly curated. We do not know how many fish
or which species are in the samples.

Another source of material from the Bering Sea has been located.
Dr. John Burns, ADF&G, Fairbanks, has perhaps 200 gallons of
preserved fish he caught on board the R/V Alpha Helix. Again,
we do not know the species composition of the collection. This
material is preserved in formalin and is presently located in
Fairbanks. . We are proceeding with arrangements to examine’ this
material.

IV. Problems Encountered

One problem which I discussed with Jay Quast and Bob Meyer in
October is the fact that many of the fish collected in the summer
from the Gulf of Alaska were improperly preserved. A number of
these specimens have been discarded.

The major problem, also mentioned in our October meeting, is that
of funding. At this time, all non–salary funds for thk.entire
year’s budget have been committed. This means that we are faced
with several tasks with no money to accomplish them. Specifically,
we have no funds for getting personnel on board any additional
cruises (our travel budget ~as been totally depleted>, we have no
funds to purchase additional preservative, bu~fer or containers
(needed to curate NMFS and ADF&G material, as.well as any fish
collected on future cruises) and WI+ do not have sufficient salary
money to continue technician help through to September 30, 1976.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 21 R.U. NUMBER: 284

PRINCIPAL INVESTIGATOR: Dr. R. L. Smith

Submission dates are estimated only and r?ill be updated, if
necessary, each quarter. Data batches refer to date as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates Estimated Submission Dztes
(1)

From To Batch 1

North Pacific 4/25/75 8/7/75 9/30/76

Miller Freeman 8/16/75 10/20/75 9/30/76

N o t e :
( 1 )

Estimated submission dates are contingent upon final approval
of data mana~ement plan submitted in draft form Oct. 9, 1975
and University of Alaska’s approved form Nov. 20, 1975, to SOAA.
Also, receipt and approval of data formats are necessary.



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 21

PRINCIPAL INVESTIGATOR: Dr. Ronald L. Smith
v

Period July 1 -- December 31, 1975 * (6 mos)

Total Budget Expended

Salaries & Wages 36,609.00 14,339.65

Staff Benefits 6,224.00 2,437.71

Equipment 490.00 -o-

Travel 1,500.00 352.8,1

Other 9,400.00” 2,049.67

Total Direct 54,223.00 19,179.84

Indirect 20,940.00 8,202.28

Task Order Total 75,163.00 27,382.12

Remaining

22,269.35

3,786.29

490.00

1,147.19

7,350.33

35,043.16

12,737.72

47,780.8C

* Preliminary cost data, not yet fully processed.
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ANNUAL REPORT

I. Summ~ry of objectives, conclusions and implications with respect
to OCS 011 and gas development.

The objectives of this study are to prepare illustrated keys
to skeletal remains and otoliths of forage fishes of the area.
These will be used by principle investigators in other fields
to determine the foods and trophic feeding levels of marine
mammals, sea birds, and the larger demersal fishes. The implications
with respect to OCS oil and gas development lie with these other
studies rather than with the present project.

II.

III.

Introduction
Same as paragraph I.

Current state of knowledge
A fairly large number of papers has been published, notably

by Frost in the late 1920’s, in which the otoliths of major
taxonomic groups (orders, families) have been broadly character-
ized. However, no detailed work exists by which the otoliths of
particular species may be recognized. This is especially true
of the fishes of the far north, which have been virtually unstudied
from any aspect. The only work on skeletal parts that is of any
consequence is that of Clothier (1950), who prepared a key to 163
species of southern California fishes.

IV. Study area
The study area for this portion of the keys is the Bering Sea and

the Gulf of Alaska. Because of the limited number of species so far
obtained from the Beaufort Sea, that material has been combined with
the present.

v. Sources, methods and rationale of data collection
Study material was collected during the summer trawling cruises

of 1975. Additional material from the Bering Sea is expected from
the spring 1976 cruise of the MILLER FREEMAN. Some additional material
has been derived from the University of Alaska Museum Fish Collection.

VI. Results

Skeletal material from 68 specimens of 35 species has been prepared
and stored for future study. An additional 85 skeletons are in process.

Otoliths have been obtained from 278 specimens representing 64

species in 16 families (see list attached to quarterly report). Forty
six of these species were obtained from the 1975 trawling cruises,
the remaining 18 from the University of Alaska Museum Fish Collection.

On the basis of otoliths, working definitions of all 16 families
have been prepared. We are currently working on a preliminary key
to the families, genera and species represented in the collection.
Copies of this key will be sent to principal investigators dealing
with food habits of marine mammals, sea birds and demersal fishes.
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These PI’s will be asked to attempt to use the keys, test them and
make suggestions for improvement. The preliminary key should be ready
by June 1976.

Because many of the species are represented by only one or two
specimens, the preliminary key may not be entirely reliable. However,
we believe it will be satisfactory to the family level and in most cases
to the generic level. The testing done by other principal investigators
will indicate how accurate the key may be and where it needs improvement.

VII. Discussion
The preparation of skeletons from preserved material is extra-

ordinarily time consuming. Me have therefore devoted the major part
of our efforts towards the otolith work. We feel confident of producing
a working key to otoliths. However, even if suitable material were
available for skeletal studies, it appears that such work would require
far more time than is available to the project.

VIII. Conclusions - Not applicable

Ix. Needs for further study
The work on otoliths should be continued and expanded, adding

as many species as possible to the keys. This will not only provide
broader covereage but will also increase the accuracy of identifications.

The work on the key to skeletal remains should be phased out
of the present project, allowing the investigators to devote their
entire time to the otolith studies. The skeletal remains key is a
long-term project which will require several years to complete and
should be treated as such.

x. Summary of 4th quarter operations.
A. Field or Laboratory Activities

1. Ship or field trip schedule - Not applicable

2. Scientific Party

Dr. James E. Morrow
University of Alaska
Principal Investigator

Mr. Sverre Pedersen
University of Alaska
Technician, % time

Mr. Edmond Murrell
University of Alaska
Technician, + time

3. Methods
Skeletons are prepared from material on hand,

using the rotting method. This technique is the only
one we have found which is at all effective on preserved
material. It requires three weeks to three months
to prepare a skeleton from formaldehyde preserved
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material . However, frozen specimens can be prepared
in a matter of three or four days and the results
are excellent. In these preparations, as much meat
as possible is cut off the vertebral column and skull.
The remains are then put in a jar of water and left
until the flesh is soft enough to be removed with
the fingers. The skeletal parts are carefully arranged
on the bottom of a shallow cardboard box, allowed
to dry and then stored in a special cabinet.

Otoliths are removed by making a medial incision
through the skull with a sharp knife and carefully
removing the otoliths with fine tweezers. The otoliths
are cleaned of the surrounding saccular  material, dried
and mounted on frosted-end glass microscope slides,
using Duco cement. The slides are stored in ordinary
large slide boxes and cabinets.

4. Sample localities
Specimens were taken on trawling cruises in the

Bering Sea and Gulf of Alaska.

5. Data collected or analysed
Otoliths have-been taken from 278 specimens,

representing 64 species in 16 families (see attached
list). Forty six of these species were obtained from
the trawling cruises, the remaining 18 taken from the
University of Alaska Museum Fish Collection.

Skeletons have been prepared from 68 specimens of
35 species. An additional 85 skeletons are currently
being prepared. The-total of 153 represents 63 species.

B. Preliminary interpretation of results - Not applicable

c. Problems encountered/recommended.changes
The skeletal work is extremely slow’and” time consuming.

Mr. Ray Baxter, Alaska Department of Fish and Game, visited
our laboratory recently. He told us that he had worked for
Dr. Charles Clothier for a year during which Dr. Clothier
was working on his key to skeletons of California fishes.
According to Mr. Baxter, Dr. Clothier spent more than five
years in the preparation of his key. Because of this and
our own experience, we are devoting our major efforts to
the otolith work. We recommend that the skeletal key be
deleted from our project and made a separate, long-term
project. This will enable us to devote all our time to the
otolith work and to make the otolith key far more comprehensive
than would otherwise be the case.



LIST OF SPECIES PREPARED FOR OTOLITH AND SKELETAL STUDIES

(B = species found also in the Beaufort Sea)

Family and species Otoliths Skeleton

Clupeidae
Clupea harengus B x x

Salmonidae
Oncorhynchus  tshawytscha x

Osmeridae
Hypomesus pretiosus x
Mallotus villosus B x
Thaleichthys  pacificus x

Gadidae
Boreogadus saida B x
Eleginus gracilis x
Gadus macrocephalus x
Microgadus  proximus x

, Theragra chalcogramma x

Zoarcidae
Bothrocara molle x
Lycodes brevipes x
Lycodes palearis B x
Lycodes turneri B x
Lycodes sp x

Trichodontidae
Trichodon trichodon x

Bathymasteridae
Bathymaster signatus x

Stichaeidae
Lumpenella longirostris x
Lumpenus sagitta x
Stichaeus punctatus B x

Pholidae
Pholis laeta

Cryptacanthodidae
Delolepis gigantea

Ammodytidae
Ammodytes hexapterus B

Scorpaenidae
Sebastes aleutianus
Sebastes alutus

x

x

x
x

x

x

x
x
x

x

x

x

x

x

x

x
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Family and species

Sebastes aurora (?)
Sebastes ciliatus
Sebastes crameri
Sebastes entomelas
Sebastes melanops
Sebastes saxicola
Sebastes variegates
Sebastolobus alascanus

Anoplopomatidae
Anoplopoma fimbria

Hexagrammidae
Hexagrammos lagocephalus
Hexagrammos stelleri
Ophiodon elongatus
Pleurogrammus monopterygius

Cottidae
Dasycottus  setiger
Enophrys claviger
Gymnocanthus  galeatus
Gymnocanthus  tricuspis B
Hemilepidotus jordani
Hemilepidotus  spinosus
Hemitripterus bolini
Icelinus  borealis
Icelus spiniger
Leptocottus armatus
Malacocottus  kincaidi
Myoxocephalus  scorpius B
Psychrolutes paradoxus
Triglops macellus
Triglops pingeli

Agonidae
Agonus acipenserinus  B
I-iypsagonus quadricornis
Pallasina barbata

Pleuronectidae
Atheresthes stomias
Glyptocephalus  zachirus
Hippoglossoides elassodon
Hippoglossoides robustus
Hippoglossus  stenolepis
Isopsetta isolepis
Lepidopsetta bilineata
Limanda aspera
Microstomus pacificus

Otoliths

x
x
x
x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

x
x
x
x
x
x
x
x
x

Skeleton

x
x

x

x

x
x
x

x

x
x
x
x

x
x
x

x
x
x
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OCS COORDINATION OY’FICE

University of Alaska

liSTllLLTE OF FUNDS Z.XPElfDED

DATE : March 31, 1976

CONTP4C’i’ N’UMBER: 03-5-022-56

TASK ORDER NUMBER: 22

PRINCIPf>L INVESTIGATOR: Dr. James E. lforrow

Per20d July 1, 1975 - March 31, 1976$( (!? mos)

Total Eu~ Expended

Salaiies & Wages 24,318.00 9,247.71

Staff Benefits 4,134.00 1,560.41

Equipxent 400.00 444.00

Travel -o- -o-

Other 1,200.00 275.86——

Total Direct 30,052.00 11,527.98

Rem~in2n2

15,070.29

2,573.59

(44.00)

-0-

924.14

18,524.02——

Indirect 13,910.00 5,289.69 8,620.31

Task Order Total 43,962.00— 16>817.67 3144.33

preliminary cost data, not yet fully processed.



Following is part 2 of the quarterly report R.U.# 285 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, .July - September 1975,

therefore is included here.
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OCS COORDINATION OFFICE

University of Alaska

Quarterly Report for Quarter Ending December 31, 1975

Project Title: Preparation of Illustrated Keys to
Skeletal Remains and Otoliths of Forage
Fishes #

Contract Number: 03-5-022-56
t, [

#.J \ \~

‘1
#

Task Order Number:
,.

22 /

Principal .Investigator: Dr. James E. Morrow

I.

II.

III.

IV.

Task Objectives

To develop illustrated keys to skeletal
for forage fishes in the Gulf of Alaska

Field and Laboratory Activities

materials and otoliths
and Bering Sea.

No additional material has been received since the last
report. We have continued to prepare material from the
three cruises. A second part-time technician was hired

quarterly
first
in

October.

Results

We currently have completed preparation of
of otoliths for 45 species and from one to
skeletons of 41 species.

Problems Encountered

from one to ten sets
three complete

The greatest problem encountered is that of insufficient material.
We received no specimens from the last trawling cruise. We are
making what me we can of material collected for Dr. Ronald Smith’s
study of food habits. However, most of this material arrived in
very poor condition, half rotted, cut into pieces, etc., so that
identifications are difficult and the specimens are relatively
useless for skeletons. d, represents
less than 10% of the s known to inha
It is stipulated “ ur proposal and contract that the

a dozen spe mens in this condition.

POSSIBLE COMPLETE THIS PROJECT.

5 S. 8



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 22

PRINCIPAL INVESTIGATOR: Dr. J. E. Morrow

R.U. NUMBER: 285

No environmental data are to be taken by this task order as
indicated in the Data Management P1 ~~j A schedule of sub-
mission is therefore not applicable .

)

NOTE :
(1)

Data management plan was submitted to NOM in draft form on
October 9, 1975 and University of Alaska approval given on
November 20, 1975. We await formal approval from NOAA.
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OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 22

PRINCIPAL INVESTIGATOR: Dr. James E. Morrow

Period July 1 -- December 31, 1975 * (6 mos)

Total Budget Expended

Salaries & Wages 24,318.00 -o-

Staff Benefits 4,134.00 -o-

Equipment 400.00 444.00

Travel -o- -0-.

Other 1,200.00 69.89

Total Direct 30,052.00 513.89

Indirect 13,910.00 -o-

Task Order Total 43,962.00 513.89

Remaining

24,318.00

4,134.00

(44.00)

-o-

1,130.11

29,538.11

13,910..00

43,448.11

“* Preliminary cost data, not yet fully processed.
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ANNUAL REPORT

I. Summary of objectives, conclusions and implications with respect
to OCS oil and gas development.

The objectives of this study are to prepare illustrated keys
to skeletal remains and otoliths of forage fishes of the area.
These will,be used by principle investigators in other fields
to determine the foods and trophic feeding levels of marine
mammals, sea birds, and the larger demersal fishes. The implications
with respect to OCS oil and gas development lie with these other
studies rather than with the present project.

11. Introduction
Same as paragraph I.

111. Current state of knowledge
A fairly large number of papers has been published, notably

by Frost in the late 1920’s, in which the otoliths of major
taxonomic groups (orders, families) have been broadly character-
i zed. However, no detailed work exists by which the otoliths of
particular species may be recognized. This is especially true
of the fishes of the far north, which have been virtually unstudied
from any aspect. The only work on skeletal parts that is of any
consequence is that of Clothier (1950), who prepared a key to 163
species of southern California fishes.

IV. Study area
The study area for this portion of the keys is the Beaufort

Sea and closely adjoining waters.

V. Sources, methods and rationale of data collection
Study material was supposed to have been collected by several

trawling cruises. However, for various reasons, the cruises were
cancelled. Such material as we have been able to obtain has come
from the University of Alaska Museum Fish Collection.

VI. Results
The Beaufort Sea material has been combined with specimens

from the Bering Sea and Gulf of Alaska to prepare a key to otoliths.
On the basis of this material, we have defined the families shown
on the attached list. We are in the process of preparing a
preliminary key to the otoliths. We plan to send copies of this
key to principal investigators dealing with food habits of marine
mammals, sea birds and demersal fishes and ask them to test it
on their material and make suggestions for its improvement. The
preliminary key should be ready to send out by June 1976.

Because many of the species are represented by only one or
two specimens, the preliminary key may not be entirely reliable.
However, we believe it will be satisfactory to the family level
and in most cases to the generi-c level. The testing done by other
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principal investigators will tell how accurate the key may be and
where it needs improvement, Skeletal material has been prepared
and stored for future study.

VII. Discussion
The preparation of skeletons from preserved material is

extraordinarily time consuming, Ne have therefore devoted the
major part of our efforts towards the otolith work. We feel confident
of producing a working key to otoliths. However, even if suitable
material were available for skeletal studies, it appears that such
work would require far more time than is available to the project.

VIII. Conclusions - Not applicable

IX. Needs for further study
The work on otoliths should be continued and expanded, adding

as many species as possible to the keys. This will not only provide
broader coverage but will also increase the accuracy of identifications.

The work on the key to skeletal remains should be phased out
of the present project. This will allow the investigators to
devote their entire time to the otolith studies. The skeletal
remains key is a long-term project which will require several
years to complete and should be treated as such.

x. Summary of 4th quarter operations
A. Field or Laboratory Activities

1. Ship or Field Trip Schedule - Not applicable

2. Scientific Party

Dr. James E. Morrow
IJniversity  of Alaska
Principle Investigator

Mr. Sverre Pedersen
University of Alaska
Technician, ~ time

Mr. Edmond Murrell
University of Alaska
Technician, % time

3. Methods
Skeletons are prepared from material on hand,

using the rotting method. This technique is the only
one we have found which is at all effective on preserved
material. It requires three weeks to three months
to prepare a skeleton from formaldehyde preserved
material. However, frozen specimens can be prepared
in a matter of three or four days and the results
are excellent. ln these preparations, as much meat
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as possible is cut off the vertebral column and skull.
The remains are then put in a jar of water and left
until the flesh is soft enough to be removed with
the fingers. The skeletal parts are carefully arranged
on the bottom of a shallow cardbdard box, allowed
to dry and then stored in a special cabinet.

Otoliths are removed by making a medial incision
through the skull with a sharp knife and carefully
removing the otoliths with fine tweezers. The otoliths
are cleaned of the surrounding saccular material, dried
and mounted on frosted-end glass microscope slides,
using Duco cement. The slides are stored in ordinary
large slide boxes and cabinets.

4. Sample localities
Beaufort Sea material has been obtained from the

fish collection of the University of Alaska Museum.

5. Data collected or analysed
We have obtained material representing 10 species

known to occur.in the Beaufort Sea. See attached list.

B. Preliminary interpretation of results - Not applicable

C. Problems encountered/recommended changes
The” skeletal work is extremely slow and time consuming.

Mr. Ray Baxter, Alaska Department of Fish and Game, Fairbanks,
visited our laboratory recently. He told us that he had
worked for Dr. Charles Clothier for a year during which Dr.
Clothier was preparing his key to skeletons of California
fishes. According to Mr. Baxter, Dr. Clothier spent more
than five years in the preparation of his. key. Because
of this and our own experience, we are devoting our major
efforts to the otolith work. We recommend that the skeletal
key be deleted from our project and made a separate, long-term
project. This will enable us to devote all our time to
the otolith work and to make the otolith key far more complete
than would otherwise be true.
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LIST OF SPECIES PREPARED FOR OTOLIT}{ AND SKELETAL STUDIES

(B = species found also in the Beaufort Sea)

Family and species Otoliths Skeleton

Clupeidae
Clupea harengus B

Salmonidae
Oncorhynchus  tshawytscha

Osmeridae
Hypomesus pretiosus
Mallotus  villosus B
Thaleichthys  pacificus

Gadidae
Boreogadus saida B
Eleginus gracilis
Gadus macrocephalus
Microgadus  proximus
Theragra chalcogramma

Zoarcidae
Bothrocara  molle
Lycodes brevipes
Lycodes palearis B
Lycodes turneri B
Lycodes sp

Trichodontidae
Trichodon trichodon

Bathymasteridae
Bathyrnaster  signatus

Stichaeidae
Lumpenella longirostris
Lumpenus sagitta
Stichaeus punctatus B

Pholidae
Pholis laeta

Cryptacanthodidae
Delolepis gigantea

Ammodytidae
Ammodytes hexapterus B

Scorpaenidae
Sebastes aleutianus
Sebastes alutus

x

x
x
x

x
x
x
x
x

x
x
x
x
x

x

x
x
x

x

x

x
x

x

,x

x

x
x
x

x

x

x

x

x

x

x
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Family and species Otol iths Skeleton

Sebastes aurora (?)
$ebastes ciliatus
$ebastes crameri
Sebastes entomelas
Sebastes melanops
Sebastes saxicola
Sebastes variegates
Sebastolobus  alascanus

Anoplopomatidae
Anoplopoma  fimbria

I-lexagrammidae
Hexagrammos Iagocephalus
Hexagrammos stelleri
Ophiodon elongatus
Pleurogrammus  monopterygius

Cottidae
Dasycottus setiger
Enophrys claviger
Gymnocanthus  galeatus
Gymnocanthus  tricuspis B
Hemilepidotus jordani
Hemilepidotus  spinosus
Hemitripterus bolini
lcelinus borealis
lcelus spiniger
Leptocottus armatus
Malacocottus  kincaidi
Myoxocephalus  scorpius B
Psychrolutes paradoxus
Triglops macellus
Triglopspingeli

Agonidae
Agonus acipenserinus  B
Hypsagonus  quadricornis
Pallasina barbata

Pleuronectidae
Atheresthes stomias
Glyptocephalus  zachirus
Hippoglossoides elassodon
Hippoglossoides  robustus
Iiippoglossus stenolepis
Isopsetta isolepis
Lepidopsetta  bilineata
Limanda aspera
Microstomus  pacificus

x
x
x
x
x
x
x
x

x

x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

x
x
x
x
x
x
x
x
.x

x
x

x

x

x
x
x

x

x
x
x
x

x
x
x “
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qE

Salaries & Wages

S;aff Eenefits

Equipment

TraiTel

Other

Total Direct

Indirect

Task Order Total

2,570.00

-o-

750.00.

900.00

19,492.00

8,734.00

28,~26.oo

Expended

1,200.96

204.17

-o-

-o-

25.42

1,430.55

686.95

2,117.50

* Preliminary cost data, not yet fully processed.

Renain&_.——

14,071..04

2 , 3 6 5 . 8 3

-o-

750.00

8 7 4 . 5 8

1 8 , 0 6 1 . 4 5

8 , 0 4 7 . 0 5

~,lo8.50

OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPE1?l)ED

DATE : Illrch 31, 1576

CONTP!C”F  iiUMEF.11: 03-5-022-56

TASK ORDER NUMBER: 9

PRINCIPAL IITVESTIGA’1OR: Dr. James E. llarroi~

Perict April 1, 1975 - March 31, 1976* (12 mos)



Following is part 2 of the quarterly report R.U.# 318 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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OCS COORDINATION OFFICE

University of Alaska

Quarterly Report for Quarter Ending December 31, 1975

Project Title: Preparation of Illustrated Keys to
Skeletal Remains and Otoliths of
Forage Fishes (Beaufort Sea)

Contract Number”: 03-5-022-56

Task Order Number: 9

Principal Investigator: Dr. James E. Morrow

I . Task Objectives

To develop illustrated keys to skeletal remains and otoiiths
of forage fishes in the Beaufort Sea.

II. Field and Laboratory Activities

No material has been received.

111. Results

None

IV. Problems Encountered

Lack of material is created by no logistics in this area.
Sample material was to be provided by programs taking trawl
surveys.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 9 R.U. NUMBER: 318

PRINCIPAL INVESTIGATOR: Dr. J. E. Morrow

No environmental data are to be taken by this task
indicated in the Data Management P1~~j A schedule
mission is therefore not applicable .

order as
of sub-

NOTE: (1)
Data management plan was submitted to NOAA in draft form on
October 9, 1975 and University of Alaska approval given on
November 20, 1975. We await formal approval from NOM.



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 9

PRINCIPAL INVESTIGATOR: Dr. James E. “Morrow

Period April 1 - December 31, 1975* (9 IUOS)

Total Budget Expended Remaining

Salaries & Wages

Staff Benefits

Equipment

Travel

Other

Total Direct

Indirect

Task Order Total

15,272.00 2,382.92 12,889.08

2,570.00 405.09 2,164,91

-o- -o- -o-

750.00 -o- 750.00

900.00 19.27 880.73

19,492.00 2,807.28 16,684.72

8,734.00 1,363.03 7,370.97

28,226.00 4,170.31 24,055.69

* Preliminary cost data, not yet fully processed.
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ANNUAL REPORT

I. Summary of objectives, conclusions and implications with respect
to OCS oil and gas development

The sole objective is to prepare an annotated bibliography
on the density and distribution of the fishes of the Beaufort Sea.
This bibliography will provide a data base for future research in
the aquatic environment of the area.

11. Introduction
A. General nature and scope - See I.
B. Specific objectives - See I.

C. Relevance to problems of petroleum development - T h e
Beaufort Sea is virtually unknown as far as fauna is concerned.
Neither qualitative nor quantitative aspects have been determined.

Data exist as published or unpublished papers and reports,
ranging from the narratives of early polar explorers to modern,
highly technical reports on narrow aspects of the ecological
relationships in small parts of the sea. By bringing all this

information together in one place, we will contribute to the
ability of future workers to predict, ameliorate and even avoid
altogether the adverse effects of petroleum exploration and
production on the environment.

III. Current state of knowledge - The Beaufort Sea is virtually unknown
as far as fauna is concerned.

IV. Study area - not applicable

V. Sources, methods and rationale of data collection

Sources are all libraries available to us, including the several
libraries of the University of Alaskaf the libraries of the Alaska
!lepartment of Fish and Game, Fairbanks; U. S. Fish and Wildlife Service,
Anchorage; and Arctic Environmental Information and Data Center, Anchorage.
ln addition, wehave been given access to files of unpublished data by
the three latter organizations.

VI. Results

Almost 1,000 items have been searched, annotated and entered on
file cards.

VII. Discussion - not applicable

VIII. Conclusions - not applicable

Ix. Needs for further study

The project should continue until its expiration on 30 September
1976. Files and libraries at major centers in the southern part of the
country should be searched. Ne plan to visit the libraries of the
University of Washington Co17ege of Fisheries; the Department of
Ichthyology of the California Academy of Sciences; and Scripps Institution
of Oceanography.



X. Summary of 4th quarter activities

A. Field or laboratory activities
1.

2.

3.

4.

5.

Ship or field-trip schedule
March 8 - 11, 1976, Mrs. Pfeifer travelled to

Anchorage to consult pertinent sources in files made
available by Mr. Eugene Buck, Arctic Environmental
information and Data Center, and by Mrs. Rosie Olsen,
U. S. Fish and Wildlife Service. She also contacted
Mr. Dave Spencer, Pipeline Division, U. S. Fish and
Wildlife Service, who has promised to supply additional
data.

Scientific party

Dr. James E. Morrow
University of Alaska
Principal Investigator

Mrs. Wilma E. Pfeifer
University of Alaska
Library Technician

Methods

Standard library search methods are used throughout.

Sampling localities

Data have been discovered in the Elmer E. Rasmuson
Library, University of Alaska; Biomed Library, U of A;
IMS Library, U of A; IAB Library, U of A; Alaska Dept.
Fish and Game, Fairbanks; Arctic Environmental Data
Center, Anchorage; and U. S. Fish and Wildlife Service,
Anchorage.

Data collected

Approximately 200 additional references have been
discovered, annotated and entered on file cards. This
brings the total to nearly 1,000 entries.
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Period July 1, 1975 - March 31, 1976”>’ (9 mos)

Total 13ud~et Expended Remainj.n~————— 2.— —. .——--—

Saiar.ies & Nages 10,851.00 5,.542.72 5,308.28

Staff Eenefits 1,844.00 835.51 1,008.49

Equipment -o- -o- -0-

Travel 625.00 251.48 373.52

Other 475.00 62.16 412.84

Total Direct 13,795.00 &691.87 7,103.13

Indirect 6,207.00 3,170.44 3,036.56

Task Order Total 20,002.00 =62.31 10,139.69

~k preliminary cost data, not yet fully processed.



Following is part 2 of the quarterly report R.U.# 348 for
the period ending December 31, 1975. This was received after
the printing of the Quarterly Reports, July - September 1975,

therefore is included here.
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OCS COORDINATION OFFICE

University of Alaska

Quarterly Report for Quarter Ending December 31, 1975

Project Title: Literature Search on Density Distribution
of Fishes of the Beaufort Sea

Contract Number: 03-5-022-56
-d, $[
J ;!J

Task Order Number: 16
~~ <-

Principal Investigator: Dr. James E. Morrow

I. Task Objectives

To complete a literature search on the density distribution of
fishes of the Beaufort Sea.

II. Field and Laboratory Activities

None.

III. Results

Mrs. Pfeiffer has located 540 pertinent references. Approximately
20% of these have been annotated. She “has surveyed the Rasmuson
Library, the libraries of the Institute of Marine Science and
Institute of Arctic Biology, and is currently almost finished with
Wildlife Research Library. She has communicated with Ms. Dorothy
Lunsfor, ADF&G, Juneau; Ms. Patti 13rommelsiek, AEIDC, Anchorage,
and Mr. Gene Buck, AEIDC, Anchorage, requesting opportunity to
search their libraries and reference files. She has also started
working part-time for Mr. George Mueller, Curator of Aquatic
Collections, University of Alaska, on his project, “Summarization
of Existing Literature and Unpublished Data pm the Distribution,
Abundance and Productivity of Benthic Organisms of the Gulf of
Alaska and the Bering Sea”, an arrangement wlniich is working out to
mutual benefit. Mrs. Pfeiffer expects to visir Anchorage, Juneau
and Seattle in February. At those places, she will search the
libraries and files of AEIDC, ADF&G, NMFS and ~he Fisheries
Oceanography Library of the University of Washington.

IV. Problems Encountered

None.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 16 R.U. NUMBER: 348

PRINCIPAL INVESTIGATOR: Dr. J. E. Morrow

No environmental data are to be taken by this task order as
indicated in the Data Management PI
mission is therefore not applicable

~~) A schedule of sub-

NOTE : (1) Data management plan was submitted to NOAAiin draft form on
October 9, 1975 and University of Alaska a~,roval given on
November 20, 1975. We await formal approviU  from NOAA.



OCS COORDINATION OFFICE

University of Alaska

ESTIMATE OF FUNDS EXPENDED

DATE : December 31, 1975

CONTRACT NUMBER: 03-5-022-56

TASK ORDER NUMBER: 16

PRINCIPAL INVESTIGATOR: Dr. James E. Morrow

Period July 1 -- December 31, 1975 * (6 mos)

Total Budget Expended

Salaries & Wages 10,851.00 2,480.60

Staff Benefits 1,844.00 421.70

Equipment -o- -o-

Travel 625.00 -o-

Other 475.00 58.10

Total Direct 13,795.00 2,960.40

Indirect 6,207.00 1,418.90

Task Order Total 20,002.00 4,379.30

Remaining

8,370.40

1,422.30

-u-

625.00

416.90

10,834.60

4,788.10

15,622.70

* Preliminary cost data,’ not yet fully processed.



Gmmacc #: 03-5 -022 -67-TA9 /;4

Research Unit l}: 349

Reporting Feriod: 1 Apr 1975 - 39 E&r 1276

NWnher of Fages: , 35

Alaska Marine Ich:kyoplankton  Key

T. Saunders English
Department of Oceanography
University of Washington
Seattle, Washington 98195

1 April 1976

RET : A76-32
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1. Task Objectives

The task of pcimary emphaSiS iS
plankton key to aid identification of

A25b--to develop an ichthyo-
the ichthyoplankton occurring

in Alaskan waters, Other objectives are to:

A. locate and describe achived specimens,

B. make recommendations for a field sampling program,

c. participate in sorting, identification, and analysis.

11. Field or Laboratory Activities

A preliminary key (Table 1) to the pelagic fish eggs of
Alaskan waters has been constructed. The key is based on live
material and covers 21 species of commercial or possible commercial
value. Some species have been excluded because no information is
available.

A list (Table 2) has been prepared of commercially valuable
Alaskan species, including 48 species of fish, 2 species of shrimps,
3 species of crabs, 3 species of clams, 1 species of scallop, and
1 species of abalone. A list of references for these species is
included.

A list (Table 3) has
pelagic” larvae. This list

been prepared
comprises 173

of Alaskan fishes with
species from 37 families.

A bibliography has been prepared covering life history infor-
mation on 15 fish species of commercial value. There are approxi–
mately 100-130 references dealing with pelagic life history studies
of Alaskan commercial species although many of these species are
also found elsewhere. There is little available information
concerning fishes in the Beaufort  Sea.

A bibliography of about 75 references to literature relating
to ichthyoplankton and fisheries in Alaskan waters has been
compiled.



Table 1. Preliminary Key to the Pelagic Fish Eggs of Alaskan Waters

la. Eggs sphericalornearly so. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2a.

lb. Eggs ellipsoidal. . . . . . . . . . i . . .“. . . . . . . . . . . . . . . . . ~vaZ{~m3P~m,

2a. Eggswith oil globules. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3a,

2b . Eggswithout  oil globules. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7a.

3a. Eggs with singleoilglobule. . . ...’”......”.. . . . . . . . . . . . . . 4a.

3b . Eggs with 5-6 oil globules, diminishing to 2-3 in late stages of development.
Shell with reticulate network, diameter 1.19-1.81 mm. . . . . . ThePag~a chalcognvnma

4a. Oil globule larger than 0.30 mm. . . . . . . . . . . . . . MePlucc~us  p~oductus M

4b. Oil globule smaller than 0.30mIs  . . . . . . . . . . . . . . . . . . . . . . 5a.

5a. Perj.vitelline  space wide . . . . . . . . . . , . . . . . Sardinops caerulea

5b. Perivitelline space narrow . . . . . . . . . . . . . . . . . . . . . ..6a.

6a. Oilglobule aboutO.26mm.  . . . . . . . . . . . . . Scomber japonicus

6b . Oil globule about 0.10 mm. . . . . . . , . , . Cithuriehthys  sordidus
. . . . . . . . . . . . . . . . . . . . . .or C{thcmhhthys stigmaeus

7a. Eggs with large, wide perivitelline space . . . . . . . . . .
●  * * . * .  ●  . ..-. ●  * * . * .  89 H<ppogloszoides elassodon

7b . Eggs with small, narrow perivitelline space . . . . . . . . . 8a.



Table l(cont).

8a. Eggswith dhmeterlargerthan 1.9 mm, . . . . . . . . . . . . . . . . . . . . . . . . . . .9a.

8b . Eggswith diameter smaller than 1.9 mm . . . . . . . . . . . ,00 . . . . .. 00 . . . . 12a.

9a. Shell punctured, honeycombed or wrinkled . . . . . . . . . . . . . . . . . . . . . . 10a O

9b . Shell smooth . . . . . . . . . . . . . . . . . . . . . . . .O. .oo. o . . ..clla.

10a. Shell punctured or with honeycomb appearance . . , . . . . . H@poglossus stienolepis

10b. Shell wrinlcled  with a raised vermiculite pattern . . . . . . . . Microstomus pac{ficus

ha. Eggdiameter greater than ~.O mm . . . . . . . . . ,fieinha~dt+us  ?z{ppogloa.wides w

llb . Egg diameter smaller than 3.0 mm . , . . . . . . . . , . . . Anoplopoma f<mbpia

12a. Shell with hexagonal and/or pentagonal sculpturing . . . . . . . . . 13a.

12b . Shell not sculptured . . . . . . . . . , . . . . . . , . . . . . . . 14a.

13a. Width of hexagon large, 0.042 mm . , . . . . . PZwronZcWzys coerz.osus

13b . Width of hexagon small, 0.037 mm . . . . . . Pleuronield%ys decti.mms

14a. Pigment spots present on late developing embryo . . . . . . lsa.

14b . Pigment spots absent on late developing embryo. .Eopsetta ,jomiani

15a. Pigment spots on embryo and yolk . . . . . . . . . . . 16a.

15b. Pigment spots on embryo only . . . . . . . . . . . . . 13a.



Table l(cont).

16a. Eggs larger than l.4 mm.. . . . . . . . . . . . . . . . . . . ...’..... Lyopsetta =i~l%

16b. Eggs smallerthanl.4mm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ● . . .l~a.

17a. Chromatophores yellow . . . . . . . . . . . . . . . . . . . . . . . pkt~cktkys Stezkti$

17b. Chromatophores tan or brown . . . . . . . . . . . . . . . . . . %et~<dztkys mebc?stictus

18a. Egg diameter larger than 0.9mm . . . . . . . . . . . . . . . . . . . . . . ..19a=

18b . Egg diameter smallerthan0.9 mm . . . . . . . . . . . . . . . . . . . Liman.da aspera

19a. Egg shell smooth, diameter 1.07-1.25 mm . . . . . . . . .GlyptoeepluzZus ~achi~s
*

19b . Egg shell minutely wrinkled. diameter 0,87-1.05 mm. . . , . , Parophrys vetuhm

Note: The characteristics in this key apply mainly to live materials, but may also be applicable to
some preserved materials. Several species of commercial value are not included in the key
because of lack of information.



Table  2, /U.askan  Cmmercial Species

Clupeidae:

AZossasap4dissimcz  (Wilson)
Cl%pec ?uzrengus pall.asi Valenctennes
Sardinops

Engraulidae:

En.g~aulis

Salmonidae:

sagax caerdea (Girard)

mordizx (Girard)

ond.orhyndzus
Onclzo@jnchus
Oncho~hynehus
Ondvmhynehus

Gadidae:

gorhwehu (Walbaurn)
kisuteh (Walbaum)
Zeta (Walbaum)
tsch@ytscha (Walbaum)

G&lus moplwa macwocephulus T.ilesius
k%erogadus p~oxirw~ (Girard)
Theragra  ehalcogramma (Pallas)

Merlucciidae:

MePZucciue  p~oductus (Ayres)

Scombridae:

SeombeP japonicus  (Houtuyn)
!l’hunnus alalunga (Gmelin)
Thmus thynnus (Linne)

Anoplopomatidae:

Anoplopoma fimbria (Pallas}

Bothidae:

Citha&ch@js sordidus Girard
Cithatichthys stigmaeus Jordan and Gilbert

Pleuronectidae:

Atheresthes evermaan< Jordan and Starks
Embass{chthys bathgbizis (Gilbert)
Eopsetta j’ordani (Lockington)
G2~ptocephalus  zaehirus Lockington
I@poglossoides elassodoii Jordan and Gilbert
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Table 2 (cent,),

Pleuronecti.dae  (cont.):

H@poglosso3dcs  zvbushw Gill and Townsend
%ppoglossus stimol~p<s Schmidt

Isopsetta isolap~s (Lockington)
Lep<dopsetta bilinzata (Ayres)
hkandu aspe~a (Pallas)
LWndd p~oboscidea Gilbert
Ly~psetta gxweilis (Pallas)
Q@psetha etil<s (Jordan and Gilbert)
Mi-icPostomus  pae;j%ue (Lockington)
Parophrys  vetuZus Girard
PZat2ehthys  steltatus (Pallas)
Pleuroneetes  quadr-itube?eulctus  Pallas
Pb.@oniehthys coenosus Girard
Pleuroniehthys  deeurrens Jordan and Gilbert
Psettichthys melanostietius Girard
Ra%hardtius hippoglossoides  (Walbzmm]

Osmeridae:

Ma2Z02us V$220SUS soc<alis (Miller)

Scorpaenidae:

Sebastes ahhz.s (Gilbert)
Sebastes  sp.

Hexagrammidae:

Hexagrarrunos stelleti Tilesius
Ilexagranmos  decagmmmw.s  (Pallas)
Hexagmmmos octogrammws  (Pallas)

Hexagmmmos Zagoeeplzalus  @allas)
Plez+wgrannws  mozopterygius (I?allas)
Ophiobn elongatus Girard

Crustacea:

Shrimp: Pandalvs Sp.
Panddopsis Sp,

King Crab: Paralithodes camtschatica Tilesius

Tanner Crab: Chionoecetes sp,

Dungeness Crab: Cancer Kagister Dana
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Table 2 (cent,),

1401iusca:

Butter clam: Saxtdmzus  g$ganteus (Deshayes)

Razor clam: Squila patulu (Dixon)

Cockle: Clinocard-ivm  nuttzzl< (Conrad)

Scallops: Pecten sp,

Abalone: lkzl~otiis k.amtschatkanu Jonas
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Table 3, Alaslkan  Fishes with Pelagic Larvae

Notacanthidae--spiny eels:

Clupeidae—herrings:

AZosa sapidissimcz (Wilson)
fXupea harengus pa~las{$ Valeneiennes
S~vdinops  sagax caerulea (Jenyns)

Engraulidae--anchovies

EngrauZ<s monlax Girard

Osmeridae--smelts:

Hyponesus ol{dus (Pallas)
Hypomesus p~et<osua (Girard)
MaZZotus  viZlosus soeialis  {Miiller)
Osmezws eperknus (Linnaeus)
Spirinch~= starksi (Fisk)
Sp-irinchus thaleiehthzjs  {Ayres)
ThaZaWzthgs paeifieus (Richardson)

Gadidae--codfishes:

Arctogadus borisov{ Drjagin
Boreogadus  saida (Lepechin)
EZeg<nus gracilis (Tilesius)
Gadus morhua macrocephalu.s Tilesius
Lots Zotu (Linnaeus)’
Mic~ogad-us prorlmus (Girard)
l’hezwg?a ehaleogramma (Pallas)

Merluciidae—bakes:

MerZueeius  pPoducti& (Ayres)

Ophidiidae —brotulas and tusk eels:

Brosmopkycis  ma~ginuta (Ayres)
SpecnWuncuZus radcZiffei Jordan and Thompson

Zoarcidae-- eelpouts:

Bothpoea~a brunrwwn (Bean)
Both.yoeara  mol~.e Sean

Bothroeura pusi%lum (Bean)



Table 3 (.cent,),

Zo.mcidae (contt) ;

Ehbr’yx erotulina (Gilbert)
@mzeZis bilabrws Andriashev
Gymnel{s hemifasciatus  Andriashev
Gymwe14s vipldis (Fabrf.eius)
GymneZops$s stigma (Lay and Berinett)
LycenefieZys  jo~dan< (Evermann and Goldsborough)
L~codaZep~s tu.rrw% (Bean)
Lyeoc@us extiensus Gilbert
Lyeodapus f~erczsfer Gilbert
Lycocihpus g~ossidens  Gilbert
LycxxZapus mand-ibuZaris Gilbert
Lycodapus parvieeps Gilbert
Lycodcs
Lyeodes
Lyeodes
Lycodes
Lyeodes
Qcodes
Lycodes
Jycodes
Lycodes
Lycodes

a~stus Jensen
bpeviceps Bean
d$aptemw Gilbert
digitatus Gill and To~send
.mucosus Richardson
palearis Gilbert
poZaris (Sabine)
ratidens Taranetz and Andriashev
turn~ri Bean
pae;fiea (Collett)

flalbantibhthys eZongatius Schultz

Scomberesocidae--sauries:

CoZoZabis  sa~nz (Brevoort)

Melamphaeidae--Bigscales:

MeZamphaes Zugubris Gilbert
Popomitra  cpass;ceps  (Gtinther)
ScopeZoberyx nycter%zus (Gilbert)

Zeidae--dories:

AZZocgttus verrucosus (Gilchrist)

Lampridae--opahs:

Lampz%s regius (Bonnaterre)

Trachipteridae--ribbonfishes:

l’raehipterus  aZtiveZis Kner
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Table 3 (cent, ) ,

Aulorhynchiciae--tubesnouts:

Aulorhtyachus  ~rbavidus Gill

Scorpaenidae--rockf ishes:

Sebastes
Sehzsties
Sebas&cs
Sebastes
Sebastes
Sebastcs
Sebastes
Sebastes
Sebastes
Sebae tes
Sebas tes
Sebastes
Sebastes
Sebas tes
Sebastes
Sebastes
Sebastes
Sebas tes
Seba-stes
Sebastes
Sebastes
Sebastes
Sebas tes
Sebas -tZs
Sebas tes
Sebas tes
Sebastes
Sebastes
Sebastes
Sebastes
Sebastes
SebastoZus  alasean~ Bean
SebasL~Zus altivelis Gilbert

czeutianus (Jordan and Evermann)
a~ufu.s (Gilbert)
auricuZatus Girard
babeoeki (Thompson)
brev?kp~n~s (Bean)
bo~eal~s Barsukov
eazcr~nus Richardson
e;i?~atus  (Tilesius)
erameri (Jordan)
d@20proa (Gilbert)
e~ongatus Ayres
emphaeus (Starks)
entomeZas (Jordan and Gilbert)
fZavidus Ayres
h.ezvomaeuzatus Ayres
maziger (Jcirdan and Gilbert)
mekznops (Girard)
mezanostorms (Eigenmann and Eigennann)
n.ebuZosus Ayres
nigrocinctus  Ayres
paucispinus Ayres
pinniger (Gill)
poZyspinis  (Taranetz and Moiseev)
proriga (Jordan and Gilbert)
reecii (Westrheirn and Tsuyuki)
ruber Ayres
Puberr+nus (Cramer)
saxieoZo (Gilbert)
variegates @ast
uilsoni (Gilbert)
zacentrus (Gilbert)

Hexagrammidae--greenlings:

Hemgramnos decagmmmus (Pallas)
Hewzgmrnwos  Z.agoeepkalus  (Pallas)
Hexagzwnmos  oetagravmus  (Pallas)
Hexugrammos  steZZeri Tilesius
Bexagrammos  supereiliosus  (Pallas)
@hiodon ezongatus Girard
PZeurogrammus monopterygius  (Pallas)



Table 3 (cent,),

Anaplopomatidae--sable  fishes:

AnopZopoma ~lmbria (Pallas)
Etile@s zoni$’er (Imckington)

Carangidae--jacks,  scads, and pompanos:

l’Pa?huPus  synnnetr<cw  (Ayres)

Bramidae—pomfrets:

Bzwma japonica Hf.lgendorf

Sciaenidae--drums:

@nosedon nob{Z{s (Ayres}

Pentacerotidae--boarfishes:

Pseudbpentaceros tichardson$ (Smith)

Sphyraenidae--barracudas:

Trichodontidae--sandfishes:

Amtcxscopus japonicuc (Steindachner)
Trichodon Mchodon (Tilesius)

Anarhichadidae--wolffishes:

Anm%ehas o~ientul<s  ??allas

Anar?ziehthys  oeeZZatius Ayres

Stichaeidae--pricklebacks:

Acanthohnpenus  maek~i (Gilbert)
Alectiridium aura~tiaeum Gilbert and Burke
Anisarchus medius Reinhardt
AYwpZaPehus insignis Gilbert and Burke
AnopZawhus pu.rpu.rescens Gill
Bryostemma tarsodes Jordan and Snyder
Bryozoieh+?zgs  Zysimus (Jordan and Snyder)
Bryozoiehthys  ma~joticus  McPhail
ChiPoZophis nugato~ (Jordan and Williams)
Ch<~olophis  po~yactiocepholus  (Pallasl
DeZolepis gigantea  Kittlitz
Eumesogmmmus praeeislus (Kr~yer]
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Table 3 (cent.).

Stichaeidae  (cont.):

Gynvn.oel{nus crfstula$us Gilbert and Burke
Leptoclinus  nwulatus (Fries)
Lumpenella longi~o~+~is (Evermann and Goldsborough)
Lwnpenus fah<eii (Vaienciennes)
h.anpenus sagitta Wilimosky
Lyeoneetes  aleuiensis Gilbert
Plz~tichtlzys chirus (Jordan and Gilbert)
Po~oeZinus ~othrocki Bean
St$chaeus  punekatus (Fabricius)
Xip?zister atropurpureus (Kittlitz)
X~pk{stePmucosus  (Girard)

Ptilichthyidae--quillfishes:

Ptilichthys goodei Bean

Pholididae--gunnels:

Apod{cdit?zys  j%zvidus Girard
PhoZis doZichogaster (Pallas)
Pholis faseiata (Block and Schneider)
PhoZis g~ZZi 13vermanii and Goldsborough
PhoZ{s Zaeta (Cope)
PhoZis ornuta (Girard)

Zaproridae--prowfishes:

Zaprora si’zenus Jordan

Icosteidae--ragfishes:

lcosteus aenigmaticus  Lockington

Ammodytidae--sand lances:

Anmodytes hexapterus Pallas

Scombridae--mackerals  and tunas:

SaPda chiZiensis  (Cuvier)
Scomber japon~cus ?iouttuyn
!l’hunnus azah,ozga Bonnaterre)
Thunnus thynnus (Linnaeus)

Centrolophidae --rudder fishes:

Ic<chthys Zockington{  Jordan and Gilbert
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Table 3 (cont.).

Bothfdae--lefteye flounders:

Pleuronectidae--righLeye flounders:

Atherestlzes  evemmnni Jordan and Starlcs
Ehzbassichtlzys  bat?zzj~ius (Gilbert)
Eopsetta jordani (~ockington)
G2yptoeepha2ws  .zaehims Lockington
Hippoglossoides  elassodo~  Jordan and Gilbert

Il{ppogzossoides robustus Gill and Townsend
Hippoglossus stenolep{s Schmidt
Isopsetta isoZepis (Lockington)
~epidopsetta biZineata (Ayres)
Livunda cspera  (Pallas)
Limanda p~oboseid~a  Gilbert
L,yopsetta graeiZis (Pallas)
L?.jopsetta  e.xizis (Jordan and Gilbert)
Microstomus pacificus  (Lockington)
Parophzvjs veti~l%s Girard
PZaticht7zys steZZatus (Pallas)
Pleuxonectes  qu.@riti~be~euZatus  Pallas
Pleuzzoniehthys coenosus Girard
PZeuronichthgs decu.mens Jordan and Gilbert
Psettiehthgs meZanostietius Girard
Reinhardtius hippogZossoides  (Walbaum)

Mo15dae--ocean sunfish:

Mola mola Linnaeus
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Reference
life history information ori 15

il~loponn ~ImbP-zzo (Tzlias) (sable fish)

Bell, 1?. H,, and J. T. Gharrett. 1945. The Pacific coast
AnapZopoma f<mhia. Copeia i945:9$-103, (planktcnic

blackccd,
eggs)

Brock, V. E. 1940. Note on the young of the sabiefish , M.aploponla
fimbtia. Copeia 1940:263-270. (planktonic  young)

Kobayashi, K. 1957, Larva and young of the sablefish, Aruzpolopoma
f~nzbr-ia (~allas) from the sea near the A.le~tian Islands.
Bull. Jap, Sot. scient. Fish. 23(7, 8):376-382. (planktonic
larvae and young, illustrations)

Thompson, W. F., Jr. 1941. A note on the spawning of the black cod
(Anaplopoma  fiirnbfia). Copeia 1941:270. (un:ertili.zed  water
hardened eggs and planktonic eggs)

CZUpea hm+engus pallasii Valenciennes (herring)

Alderdice,  D. F., and E, P. J, Velsen, 1971, Some effects of
salinity and temperature on early development of Pacific
herring (C2upea pallasi). J, Fish. Ties. Board Can. 28:1545-
~~62. (salinity and temperature effects on development)

Barraclough, W. E. 1967. Occurrence of larval herring, CZupea
paZbsi<, in zhe Strait ~f Georgia during July 1966. .?. Fish.
Res. Board Can. 24:2455-2460. (planktonic larvae)

Galking, L. A. 1962. Fertilization and development of eggs of the
White Sea herring, (Xupea ha~engu~  pallasi. [In Russian]
Akad, Nauk SSSR, Dokl. 143:497-482. (not seen)

Hart, J. L., and A. L. Tester. 1934. Quantitative studies on
herring spawning. Trans. Am. Fish. Sot. 64:307-312.
(demersal eggs, spawning, survival, illustrations)

Katz, M., and D. W. Erickson. 1950. The fecundity of some herring
from Seal Rock, Washington. Copeia 1950:176-181. (fecundity)

Stevenson, J. C. 1’362. Distribution and survival of herring
larvae (CZupea pa~i!asii  Valenciennes) in British Columbia
waters. J. Fish. Res. Board Can, 19:735-810. (planktonic
larvae)

Taylor, F. H. C. 1964. Life history and present status of
British Columbia herrir.g stccks. Fish. Res. Board Can. Bull.
143. 81 pp. (general life history,’  spawning, larval life,
juvenile stages, illustrations)

::::, g



M

Ahlstromz E, H,, and H, D, Casey, 1956, Saury distribution and
abundance, Pacific Coast? 1950-55, U,S, Fish, Wildl.  Ser17.
Spec, Sci, Rep, Fish 190, 69 pp. (distribution)

Hatanaka, H. 1943. Biological studies on the population of the
saury, CoZoZabis sa{ra (Brevoort),  1. Reproduction and
growth. Tohoku J. agric. Res. 6:227-269, (planktonic eggs
and larval distribution? gr~wth)

Hatanakii,  M., ‘f, Watanabe, K. Sekirio, M. Kosaka, and K, Kimura.
Cololabis saira 1953. Studies on the reproduction of the
saury, CoZoZabis saira (Brevoort), in adjacent water to Oki
Islands. I. Spawning of the northward migrating saury in the
spring of 1962. [In Japanese, English abstract] Bull. Jap.
Sot, scient. Fish. 31:799-803,  (demersal  eggs, planktonic
larvae, distribution)

Kitahara, T. 1894, On the eggs of Scomberesocid.ae. (Sanina-zoku
no Tamago nitsuite). [In Japanese]  Zool. Msg., Tokyo.
(I?obutsugaku Zasshi) 6:435-437.  (demersal eggs)

Kurakani, M. 1914. Notes on the eggs and larvae of ColoZab{s
sa;ra (Brevoort) (Sanma no Tamago oyobi Kouo m tsuite).
~In Japanese] J. Fish. Exp, Stn. Hokkaido  3:47-49,

Mite, s. 1958. Eggs and larvae of CoZol&is saira (Brevoort)
(Scomberesocidae), pp. 22-23. In Uchida et al., Studies on—
the eggs, larvae and juveniles of Japanese fishes, Ser. 1.
Fish. Dep. Fat. Agric. Kyushu University, Japan.

Ifiyauchi, T. 1932. Ecological study of saury, Cololubis saira
(Brevoort). The eggs of saury. [In Japanese] Rep, Fish.
Exp. Stn. Ibaragi-ken, 1932-1933:53-54.

Mdchacheva, V. A. 1960. Some data on the breeding, development
and distribution of saury. [In Russian] Akad, nauk SSSR,
Inst. okean. Trudy 41:163-174.

Nakamura, S. 1937. The eggs and larvae of neighborhood Kominato.
VII-VIII. Life history of Cololabis sai~a (Brevoort). [In
Japanese] J, imp. Fish Inst., Tokyo 32:15-19.

Orton, G. L. 1964. The eggs of scomberesocid fishes. Copeia
1964:144-150. (egg identification)

Uchida, K, 1958. Eggs and larvae, and juveniles of Co~okbis
sczira, pp. 23-24. In K, Uchida et al., Studies on the eggs,—
larvae, and juveniles of Japanese fishes. Ser. I, Fish. Dep.,
Fat. Agric., Kyushu University.



!iwa, T. 1958, Gn the embryological ~iffereaces between Co Zck?As
sa$ra (Brevoort} snd fi~porlzampkzs sajor-; Termr.inck  and Schlegel.
[In Japanese] J. Hokkaido Fish. Sci. Inst, 5:9-.16,

Yusa, T, 1960. Embryonic development of the saury C’ololahiz  sa<ra
(Brevoort)  , Bull, T~hoku reg. Fish. Res. Lab. 17:1-14,
~art?ficially fertilized eggs, descriptions of I.arvaz, denersal
live eggs, unfertilized egg illustrations)

Engraul<s mordax Gi.rard (northern ancho~y)

Ahlstrom, E, H, 1952. Pilchsrd eggs and larvae and other fish
larvae, Pacific coast, 1950. U, S. Fish Wildl. Serv. Spec.
Sci. Rep. Fish. 80. 58 pp. (planktonic eggs and larvae)

Ahlstrom,  E. H. 1953. Pilchard eggs and larvae and other fish
larvae, Pacific coast, 1551. U. S. Fish Wildl. Serv. Spec.
Sci, Rep. Fish, 102. 55 pp. (plan.ktonic eggs and larvae)

Ahlstrom, E. H. 1956. Eggs and larvae of anchovy, Jack mackerel,
and Pacific mackerel. Calif. Coop. Oceanic Fish. Invest.
Progr. Rep. 1955-56:33-42. (planktonic eggs and larvae,
illustrations)

Ahlstrorri,  E. H. 1958. Sardine eggs and larvae and other fish
larvae, Pacific coast, 1956. U. S. Fish Wildl. Serv. Spec.
Sci. Rep. Fish. 251. 84 pp. (planktonis  eggs and larvae)

Ahlstrom,  E. H. 1959a. Sardine eggs and larvae and other fish
larvae, Pacific coast, 1957. U. S. Fish Wildl. Serv. Spec.
Sci. Rep. Fish. 328. 99 pp. (planktonic eggs and larvae)

Ahlstrom, E. H. 1959b. Vertical distribution of pelagic fish eggs
and larvae off Califorr.ia and Baja California. U. S. Fish
Wildl. Serv. Fish. Bull. 60:106-146. (planktonic  eggs and
larvae, distribution)

Ahlstrom, E. H. 1966. Distribution and abundance of sardine and
anchovy larvae in the California current region off California
and Baja California, 1951-64:a summary. U. S. Fish Wildl.
Serv. Spec. Sci. Rep. Fish. 534. 71 pp. (planktonic  larvae,
illustrations)

Ahlstrom, E. H. 1967. Co-occurrences of sardine and anchovy
larvae in the California current region off California and
Baja California. Calif. Coop. Oceanic Fish, Invest. Rep.
11:117-135. (planktonic larvae)

.



Ek.grtxul”b mcmilczx <cont. ]

Baxter, J, L. 1967. Summary of biological.information on the
northern anchcvy Engzwu2<s ,moPdcux Gtrard, Calif, coop,
Oceanic Fish, Invest. Rep, 11:110-116, (fecundity , spawning,
development)

Berner, L., Jr. 195? *
aacho~y, Engyaulis
‘4:22. (planktonic

The food of the larvae of the northern
,mcrclczx. Bull. inter,-kn. trop. Tuna Commn.
larvae)

Bolin, R. L. 1936, Embzyonic and early stages of the California
anchovy, Eng~aulis mordux Girard, Calif, Fish Game
22:314-321. (planktonic  eggs and larvae, development, and
descriptions, illustrations)

Farris, D. A. 1960, Failure of an anchovy to hatch with continued
growth of the larva. Limnol. Oceanogr.  5:107, (egg
development)

Krainer, D. and E. H, Ahlstrom, 1968. Distributional atlas of fish
larvae in the California current region: northern anchovy,
Engraul<s mo~dax Girard, 1951 through 1965. Calif, Coop.
Oceanic Invest. Atlas 9:i-xi, 1-269, (planktcnic larvae)

Lasker, R. 1975. Field criteria for survival of anchovy larvae:
the relation between inshore chlorophyll maximum layers and
successful first feeding. NOAA NMFS Fish. Bull. 73:/+53-462,
(artificially fertilized eggs, larvae, feeding)

Richardson, S. L. 1973. Abundance and distribution of larval
fishes in waters off Oregon, May - October 1969, with special
emphasis on the northern anchovy, .E%@raulis mordzx. NOAA NMFS
Fish. Bull. 71:697-711. (planktonic larvae)

Taylor, F. H. C. MS 1940. Preliminary studies in the life history
of the Pacific anchovy Pngpaulis mo~dax Girard. B, A. Thesis,
University of British Columbia.

(kzdus macPoc?@aZus Tilesius (Pacific cod)

Delacy, A. C. 1933. The pigmentation and fin development of
postlarval cod Gadus macroeeptilus. M, S. Thesis. University
of Washington. 34 pp. (planktonic  preserved postlarvae)

Forrester, C. R. 1964. Laboratory observations on embryonic
development and lsrvae of Pacific cod (Gadus mae~oceplzalus
Tilesius). J. Fish, Res, Board Can, 21:9-16. (artificially
fertilized eggs and larvae)
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J?orrester~  C, R, 1969, Life history information on some ground.
fish species, Fishp Res, 3card C&n, Tech, Rep, 105, 17 pp.
(planktcmic  eggs, larvae, juveniles)

Forrester, C, R,, and D, F. Alderdice, 1966. llffects of .sZli.r.ity
and temperature on embryonic development of the Pacific cod
(Gadvs ~aerocephczhs). J, Fish, Res. Board Can, 23:319-340.
(artificially fert~lized  eggs and larval hatching)

Thomsoli,  J. A. 1963. On the demersal  quality of the fertilized
eggs of the Pacific cod Gadbs macrocephz~us  Tllesius, J. Fish.
Res. Board Can. 20:1087-88. (artificially fertilized eggs)

Z<ppoglosswides elassodon Jordan and Gilbert {fiathead sole)

Forrester, C. R., and D. F, Alderdice, 1967, Preliminary observa-
tions on embryonic development of the flathead sole
(Hippoglosso<des elassodwz). Fish. Res. Board Can. Tech. Rep.
100. 20 pp. (artificially fertilized eggs, larvae,
illustrations)

Miller, B. S. 1969. Life history observations on normal and
tumor-bearing flathead sole in East Sound, Orcas Island
(Washington). Ph. D. Thesis, Uni\7e~sity of Washington, 131 pp.
(artificially fertilized planktonic  eggs, larvae, illustrations)

Smith, R. T. 1936. Report on the Puget Sound otter trawl investi-
gations. !,Jash. Dept. Fish. Sci. Res. Biol. Rep. 36B. 61 pp.
(general life history)

Thompson, W. F., and R. Van Cleve. 1936. Life history of the
Pacific halibut. (2) Distribution and early life history.
Rep. int. Fish. Commn. 9. 184 pp, (planktonic egg key)

Hippoglossus  stenol.epis  (Schmidt) (Pacific halibut)

Bell, F. H., and G. St. Pierre. 1970. The Pacific halibut. Inter.
Pacific Halibut Commn. Tech. Rep. 6. 24 pp. (life history
information, development of eggs, larvae, post-larvae, young,
illustrations )

Kolloen, L. 1934. Egg production in the Pacific halibut,
H;ppog20ssus hipgoglossus, correlated with length, weight and
age. M. S. Thesis, Liniversity  of Washington, 115 pp.
(fecundity)
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Hippoghssus sten.oZe@s  (cont. )

A preliminary repQrt on the life histoxy ~fThoqpso?l?  W* “ 1915’ British c01umbi~9
the halibut, Rep. Ccmmer, Fish, 1914:76-99.
(planktonic eggs, larvae)

Thompson J W. F., and R. Van Cleve. 1936, Life history of the
Pacific halibut, (2) Distribution and early life history.
Rep. int. Fish, Cm-mm, 9, 184 pp, (artificially fertilized
planktonic, preserved and fresh spatmed egg and larvae keys,
illustrations)

Van Cleve, R., and A. H, Seymour. 19.53, The production of halibut
eggs on the Cape of St. James spawning bank off the coast of
British Colu~bia, 1935-1946, Rep. int, Fish, Commn. 19, 44 pp.
(fecundity, spawning)

MerZucc-ius p~oductus (Ayres) (Pacific hake)

Ahlst~om, E. H. 1!?52. Pilchard eggs and larvae and other fish
larvae, P2cific  coast, 1950, U, S, l?ish Wildl, Serv. Spec,
Sci. Rep. Fish. 80. 58 pp. (planktonic larvae)

Ahlstrom, E. H, 1953. Pilchard eggs and larvae and other fish
larvae, Pacific coast, 1951, U, S, Fish Wildl, Serv. Spec,
Sci. Rep. Fish. 102, 55 pp. (planktonic larvae)

AhLstrom, E. H. 1959a, Sardine eggs and larvae and other fish
larvae, Pacific coast, 1957. U. S. Fish Wildl. Serv. Spec. Sci.
Rep. Fish. 328. 99 pp. (planktonic larvae)

Ahlstrom, E. H. 1959b. Vertical distribution of pelagic fish eggs
and larvae off California and Baja California. U, S. Fish
Wildl. Serv. Fish. Bull. 60:106-146. (planktonic  eggs and
larvae)

Ahlstrom, E. H. 1965. Kinds and abundance of fishes in the
Californj.a  current region based on egg and larval surveys.
Calif. Coop. Oceanic Fish, Invest. Rep, 10:31-52.
(planktonic  eggs and larvae)

Ahlstrom, E. H. 1969. (2) Distributional atlas of fish larvae in
the California current region: Jack mackerel, Traehurus
symmetticus, and Pacific hake, Merhzccius produetus,  1951
through 1966, Calif. Coop, Oceanic Fish. Invest. Atlas 11,
187 pp. (planktonic iarvae)

Ahlstrom, E, H., and R. C. Counts. 1955, Eggs and larvae of the
Pacific hake, Merluccius producius. U. S. Fish Wildl, Serv.
Fish. Bull. 56:2?5-329. (planktonic eggs and larval develop-
ment, descriptions, illustrations)
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Mevlucciua j+-vduetus (cont. )

Kramer, D, 1971. Sardine eggs and larvae and other fish larvae of
the Pacif2c coast, 1958, 1959. NOAA NllFS Data Rep, 68, 132 pp.
(planktonic eggs and larvae)

Pal>ophrys Vetulus Girard (English sole)

Budd, P. L. 1940. Development of the eggs and early larvae of sfix
California fishes. Calif. Fish Game Fish, Bull 56. 50 pp.
(areif~cially fertil~zed eggs, yolk-sac larvae, larvae,
illustrations)

English, T. S. 1961, An inquiry into distributions of planktonic
fish eggs in a restricted area of Puget Sound, Ph, D, Thesis.
University of Washington. 227 pp, (scheme for identification
of planktonic  eggs)

English, T. S. 1966. English sole egg studies. Contract Rep,
Northwest Pulp Paper Assoc. 93 pp* (key for identification of
planktonic fish eggs, rearing of artificially fertilized and
planktonic eggs of English sole)

English, T. S. 1967. Preliminary assessment of the Engltsh sole in
Port Gardner, hTashington. J. Water Poll. Control Fed, 39(8):
1337-1350. (planktonic young)

English, T. S. 1969, Life history of the English sole--a summary,
Contract Rep, Northwest Pulp Paper ASSOC. 41 PP. (life history
summary)

Forrester, C. R. 1969. Life history information on some groundfish
species. Fish. Res. Board Can. Tech. Rep. 10S. 17 pp. (eggs,
larvae, juveniles)

Harry, G. ~. i959. Time of spawning, length at maturity, and
fecundity of the English, Petrale , and i)over soles (Farophr??s
vetulus, l@setta jordan.i, and Mierostomus pacifi~eus,
respectively) . Fish. Commn. Oregcn, Res. Briefs 7(1) :S-13.
(spawning, fecundity)

Orsi, J. J. 1968. The embryology of the English sole, Parophys
Vetu-ks. Calif. Fish Game 5:133-155. (artificial fertiliza-
tion, larvae, illustrations)
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Plcw%{eht?qfsi SteZJatus (Rallas) Cstarry flounder}

orc~ttz H, G, 1950, The life hf.story of the starry flounder,
FZattZeh+hys  stella+us O?allas), Calif, Fish, Game Fish Bull,
78, 64 pp. (artificially fertilized eggs, Iarirze, juvenile
development, descriptions, illustrations)

Smith, R. T. 1936. Report on the Puget Sound otter trawl investi-
gations. Wash, Dept, Fish, Sci, Res. Bio~, Rep, ‘36~, 61 pp.
(planktonic  eggs and larvae, spawning)

Yusa, Tzltsuo. 1957. Eggs and larvae of flatfishes in the coastal
waters of Hokkaido. I. Embryonic development of the starry
flounder, PZattichthys steZZatus (Pallas), BuII. Hokkaido reg.
Fish. Res. Lab. 15:1-14. (artificially fertilized eggs, larvae
development, and descriptions, illustrations)

Psetti$ehthys mehnos~~ctus Girard (sand sole)

Hickman, C, P., Jr, 1959. The larval development of the sand sole
(Psett3chthys melanostietus), Wash. Dept. Fish, Fish. Res. ?ap,
2(2):38-47, (planktonic  living, egg-hatched larva,
illustrations)

Manzer, J. I. 1947. A July spawning population’of  sand soles in
Sydney Inlet. Fish. Res. Board Can. Pac. Progr. Rep. 73:70-71.
(spawning)

Smith, R. T. 1936. Report on the Puget Sound otter trawl investi-
gations. Wash. Dept. Fish. Sci. Res. Biol. Rep. 36B. 61 pp.
(general life history, artificially fertilized eggs, and larvae)

Sommani, P. 1969. Growth and development of sand sole postiarvae
(Psetthh&lnjs meZanostiictus).,  M. S. Thesis, University of
Washington. 64 pp. (preserved plankton, postlarvae,
illustrations)

Samdinaps  sagax

Ahlstrom,  E. H.
(Sard<nops

cczeruzea (Girard) (Pacific sardine)

1943 ● Studies on the Pacific pilchard or sardine
caez=uZea).  4. Influence of temperature on the

rate of development of pilchard eggs in nature. U. S. Fish
Wildl. Serv. Spec. Sci. Rep. 23. 26 pp. (planktonic eggs
before hatching, illustrations)

Ahlstrom, E. H. 1952. Pilchard eggs and larvae and other fish
larvae, Pacific coast, 1950, U, S. Fish Wildl, Serv. Spec.
Sci. Rep. Fish. 80. 58 pp. (planktonic eggs and larvae)
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Ahlstrom, E, H, 1953. Pilchard eggs and larvae and other fish
le.mrae, Pacific coas~, 1951. U, S, Fish Wildl, Serv. Spec. Sci,
Rep, Pish. 102, 55 pp, (planktonic eggs and larvae)

Ahlstrom, E. H. 1954, Distribution and abundance of egg and larval
populatims of the Pacific sardine. U. S, Fish WIldl. SeV1.
Fish. Bull, 56:82-14C, (planktonic eggs and larvae)

Ahlstrom, E. H. 1958. Sardine eggs and larvae and other fish
larvae, Pacific coast, 1956, U, S, Fish Wildl, Serv. Spec,
Sci. Rep. Fish. 251, 84 PP,

Ahlstmm, E. H. 1959a. Sardine eggs and larvae and other fish
lznae, Pacific caast$ 1957, U, S. Fish, Wlldl, Serv. Spec.
Sci. Rep. Fish. 328, 99 pp. (planktonic eggs and larvae)

Ahlstrom, E. H. 1959b. Vertical distribution of ~dagic fish eggs
and larvae off California and Baja California. U. S. Fish
Wildl, Serv. Fish. Bull. 60:106-146. (planktonic  eggs and
larvae)

Ahlstrom, E. H. 1959c. Distribution and abundance of eggs of the
Pacific sardine, 1952-1956. U. S. Fish Wildl. Serv. Fish.
Eull. 60:185-213. (planktonic  eggs)

Ahlstrom, E. H. 1966. Distribution and abundance of sardine and
anchovy larvae in the California current region off
California and Baja California, 1951-64: a summary. U. S.
Fish Wildl. Serv. Spec. Sci. Rep. Fish. 534. 71 PP.
(planktonic larvae, illustrations)

Ahlstrom, E. H. 1967. Co-occurrences of sardine and anchovy
larvae in the California current region off California and
Baja California. Calif. Coop. Oceanic Fish. Invest. Rep.
11:117-135. (planktonic larvae)

Clark, N. 1934. F!!turity of the California sardine (Sardina
ecre.rwZea},  determined by ova diameter measurements. Calif.
Fish. Game Fish. Bull. 42. 49 pp. (ovarian stripped eggs)

Clark, F. N. 1938. Small sazdines taken off Oregon. Calif. Fish
Game 24:71. (planktonic larvae)

Farris, D. A. 1963. Shrinkage of sardine (Sardhops eaerwz~a)
larvae upon preservation in buffered formalln. Copeia
1963:185-186. (preserved larvae)

Foerster, R. E. 1941. The mortality of young pilchards. Fish Res.
Soard Can. Pac. Prog. Rep. 4S:3-8. (young mortality)
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Sardinops  sagax eaerdea (cont. )

Kramer, 1), 1970, Distributional atlas of fish eggs and larvae in
the California current region. Pacific sardine, f7arciinops
caerulea CGirard) 1951. through 1966, . Calif* COOP, Oceanic
Fish.. Invest. Atlas 12:i-ix, 1-277 pp. (planktonic  eggs and
larval distribution, illustrations)

Kramer, D. 1971. Sardine eggs and larvae and other fish larvae of
the Pacific coast, 1958, 1959, NOAA NMFS Data Rep, 68. 132 pp.
(planktonic  eggs and larvae)

MacGregor, J. S. 1957, Fecundity of the Pacific sardine (Sardinops
eaezwlea). U. S. Fish Wildl. Serv. Fish. Bull. 57:427-449.
(f ecm’dit y)

Miller, D, J, 1952, Development through the pro-larval stage of
artificially fertilized eggs of the Pacific sardine (Samiinops
caerulea. Calif. Fish Game 38:587-595. (artificially ferti-
lized eggs and prolarvae, illustrations)

Phillips, J. B., and J. Rodovich. 1952. Surveys through 1951 of
the distribution and abundance of young sardines (Sa~dinops
eaeruZea). Calif. Fish, Game Fish, Bull. 87. 63 pp.
(planktonic  young, distribution. and abundance)

Scofield, E. C. 1934. Early life history of the California sardine
(Sardha caeruZea), with special reference to the distribution
of the eggs and larvae. Calif, Fish Game Fish. Bull. 41.
48 pp. (planktonic  eggs and larval development, distribution,
illustrations)

Scofield, E. C., and M. J, Lindner. 1930. Preliminary report of
the early life history of the California sardine. (A contri-
bution from the hycirobiological survey.) Calif, Fish Game
16:120-124, (planktonic  eggs and larval development,
descriptions, illustrations)

Sette, O. E., and E. H. Ahlstr~m. 1948. Estimations of abundance
of eggs of the Pacific pilchard (Sardinops  caezwZea) off
southern California during 1940 and 1941. J. mar. Res.
7:511-542. (abundance of planktonic eggs)

Silliman, R. P. 1943. Thermal and diurnal changes in the vertical
distribution cf eggs and larvae of the pilchard (Sarcfinops
caeruZea). J. mar. Res. 5:118-130. (planktonic  eggs and
larval distribution)

Silliman, R. P. 1946. A study of viability in plankton townet
catches of Pacific pilchard (Sardixops  caeruZea) eggs. J. mar.
Res. 6:74-83. (planktonic eggs)
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Ti.ddy, R, B, 1937, The relation between surface water temperature
and the distributiori  of spare cf the California sardine,
~anf~nop~ caerulea, Calif, Fish Game 23:i32-137. (eggs and
larvae, temperature)

Sebastcdes aW.us (Gilbert) (Pacific ocean perch)

De~acy, A. C., C, R, Hitz, and R. L, Dryfoos, 1964. iqaturaticn,
gestation, and birth of rockfish (Se3astodes) from Washington
and adjacent waters, Wash, Dep, Fish, Fish, Res. Pap.
2(3):51-67. (development, reproductive cycle, illustrations)

Kashkina, A, A. 1965, Winter ichthyoplankton  of the Commander
Islands region, pp. 170-181, In P. A. 140iseev [cd.], Soviet
Fish. Invest. N. E, Pacific, P~t IV. Vses. nauchno-Issled.
Inst. Morsk. Ryb. OkeanoEr, Trudy 58. (Translated from
Russian by Israel Program for Scientific Translations,
Jerusalem, 1968.)

Lisovenko, L. A. 1964, Distribution of the larvae of rockf5.sh
(Sebastodes  a’Zutus Gilbert) in the Gulf of Alaska, pp. 217-225.
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I. Sumnary of objectives, conclusions and implications with respect to
OCS.oil and qas development.

The shallow edge of the Beaufort Sea provides habitats for popu-
lations of ep;benthic crustaceans and previously unreported infaunal
worms and is important during the Summers in the feeding of migratory
shorebirds and geese. Progress is being made toward characterization
of habitats and relationships between species in a region that is con-
sidered particularly sensitive to perturbation that might result from
trapping floating materials along the shoreline.

II. Introduction

A. General Nature and Scope of the Study: This study is a survey of
the edge of the Beaufort Sea designed to characterize habitats
and ecological relationships of the Alaskan Arctic Ocean coastline
between the U.S.-Canadian border (Demarcation Point) and Point
Barrow sufficient to provide an inmediate estimate of risks
incurred in OCS oil and gas exploration and development and to
furnish a base for planning further research.

B. Specific objectives: The specific objectives of the research are:

1. To characterize by biota and substrate type the habitats of
the Beaufort Sea littoral zone.

2. To provide quantitative estimates of populations of the
principal species of the Beaufort Sea littoral zone.

3. To describe trophic and other, ecological relationships that
obtain within the study area.

C. Relevance to problems of petroleum development: The shoreline or
sea-land interface is a region in which flotsam comes to rest and
is, thus, unusually subject to perturbations that may result from
blowout or various other, undesirable events that could accompany
oil and gas exploration and development on the continental shelf.
If, at the same time, the edge of the sea if of particular impor-
tance as a feeding zone or nursery area for marine animals or for
birds or other terrestrial animals, disrupting influences that
are trapped at the shoreline may affect ecosystems of both the
land and the sea. When species to which the shoreline is impor-
tant are migratory, these effects may be felt many miles away
from the locale of the actual event. All of these considerations
are pertinent to the shore of the Beaufort Sea, yet remarkably
little information on populations that inhabit the very shallow
water or the low beach has been available.

III. Current State of Knowledge

The benthic biota of the Beaufort Sea was known principally through
the work of the MacGinities, Crane and Cooney, Carey et al., and
others. Almost all collections, however, have been made from depths

.—
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in excess of two meters. Crane and Cooney state that “The shallow
nearshore environment would seem unfit for any kind of biota; indeed
the beaches surrounding the Colville estuarine complex bear out this
contention as they are seemingly barren of macroscopic life . . ..’lt is
apparent that in the very shallow parts of the lagoon, ice scouring
prevents organisms from establishing populations. No infaunal  species
were found in either Simpson Lagoon or Harrison Bay in the grab samples
taken at depths of less than two meters. Only mobile epifaunal
species occurred at these shallow depths.”

IV. Study Area

Field teams were in the Alaskan Arctic from July 10 through September
12, 1975. An initial characterization of the coast based on observa-
tions made during flights from Point Barrow to the Canadian border
was completed on July 21. Beginning on August 1 and ending on
September 7, when new ice formed alongshore made continuation impossible,
working teams established stations and sampled along selected beach
transects in locations given in Table 1.

V. Sources, methods and rationale of data collected

At each station the following samples and measurements were made:

1. Beach profile (elevation and distance) from the clearly terrestrial
vegetation on the landward side to a depth of two meters (or, if a
boat was not available, the greatest depth possible by wading) on
the seaward side.

2. Density, percent cover, and frequency of occurrence of beach
vegetation; biomass samples of beach vegetation. (In some areas
this vegetation is an important food of geese. In all it is subject
to inundation during storms. )

3. Replicate (6) infaunal  samples of benthic invertebrates taken at
depths ofOM (shoreline), 0.5 M, 1.OM, 1.5M, and 2.OMas
possible using a hand operated, pole-mounted Eckman grab. (All
material retained on a 0.516 mm screen was retained. Larger
stones were discarded in the field, and the rest of the sample
preserved for later sorting and analysis.)

4. Replicate samples made by towing a sea-sled type, naturalist’s
dredge equipped with a 1.050 mmmesh net for 100M at depths of
0.5 Mand, if possible, 1.5M.

5. Replicate seine samples made by operating a 10 M long seine of
10mm stretched mesh webbing (openings 5mn x 5 mm) for 100 M
along beaches at a depth of 0.5 M.

6. Samples made with baited amphipod traps (similar to minnow traps);
collections made with dip nets; other, various collecting methods;
general observations.
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Table 1: Sampling stations and number of sampJes taken in the Beaufort Sea
Littoral Zone, August and September, 1975. Samples are mainly
biological mater~als but include some taken for sediment analysis.

West North No. of
Station Long. Lat. Type Samples Taken

B06 142°05’ 69°50’ river delta 57
B18 142°18’ 69°53’ lagoon shore (physical data only) O
B21 142°21 ‘ 69°55’ barrier island 114

B22 142°39’ 69°55’ barrier island
C37 143°37’ 70°08’ lagoon beach and marsh 6;
C38 143°38’ 70°06’ lagoon beach and marsh 65

C39 143°39’ 70°08’ sea beach 27
C40 143°40’ 70°06’ lagoon beach 47
C41 143°41 ‘ 70°05’ mud flat 68
DOO 143°59’ 70°05’ barrier island 46
H08 148°08’ 70°20’ river delta
H12 148°12’ 70°20’ river delta !:

HI 9 148°19’ 70°21 ‘ bay 9
H20 148°19’ 70°21 ‘ bay
H22 148°32 ‘ 70°20’ bay :

H28 148°28’ 70°18’ marsh
H32 148°38’ 70°22 ‘ sea beach ;;
H39 148°40’ 70°24’ mud flat 21

H40 148°40 ‘ 70”24’ lagoon beach and marsh 19
I 30 149°30 ‘ 70°33’ barrier island
131 149°31’ 70°33’ barrier island 1;

150 149°50’ 70°30’ lagoon beach 14
158 149°58’ 70°28’ lagoon beach
J22 150°22 ‘ 70°26’ river delta ;;

J24 150°24’ 70°29’ delta 6
Ml O 153°10’ 70°55’ sea beach
Ml 1 153°11’ 70°55’ mud flat ;;

Ml 4 153°14’ 70°54’ lagoon beach
N42 154°42’ 71003’ sea beach ;!

N 4 3 154°43’ 71003’ sea beach 18

N44 154°44’ 71°03’ 1 agoon 15
039 155°39’ 71°14’ barrier island
040 155°40’ 71°14’ barrier island ;;

042 155°42’ 71°14’ barrier island 20
P30 156°30’ 71°22’ lagoon beach 12
P33 156°33’ 71°18’ mud flat 14

P34 156°34’ 71°19’ lagoon beach 8

Other various 43



7. Routine hydrographic and meteorological observations (salinity,
water temperature, pH, dissolved oxygen, air temperature, wind
speed and direction precipitation, and cloud cover).

Data from sample types 1 and
Data from sample types 2 - 6
date of acquisition of these
May 30, 1976.

VII. Results

7 have been reported to NODC.
currently are being analyzed. The
data is defined in the contract as

Our samples so far sorted are from the Colville River delta, Oliktok
Point, Simpson Lagoon, Pingok Island, Point McIntyre, Prudhoe Bay,
the Sagavanirktok River delta, and Barter Island and vicinity. Prior
to the completion of sorting and the accumulation of complete data,
statistical inferences are, of course, meaningless, but most of our
grab samples, almost all of which are from water of less than two
meters deep, include infaunal species (polychaetes, oligochaetes,
nematodes, harpacticoid copepods), as well as mobile, epifaunal
forms (mainly mysids and amphipods). ln general, the density of

polychaete populations is greater in samples from depths of tyo
meters or more (two such samples have 7,704 and 5,410 worms/M and all
so far sorted include at least several worms), but sometimes larg
numbers of individuals are found at lesser depths: 290 to 1,558/M5

at a depth of 1.5 M; 952 to 1,255/MZ at 1 M; and 1,428 to 5,107/M2
at 0.5 M depth. These data are selected to demonstrate a point; that
our grab samples from less than two meters’ depth may sometimes
contain large numbers of infaunal animals. The cited data do not
establish norms. The indication currently is that distribution of
infauna in the very shallow water is uneven and may be related to
the presence of peat (disintegrating tundra vegetation) in the
substrate.

We have found an unexpected number of oligochaete worms in our shallow
water grab samples. One sample of 10,604 worms/M2 from a mud flat is
the current high, but other samples of several hundred worms/M2 are
common in depths of water of 0.5 M or less. We have found fewer
oligochaetes in samples taken from water deeper than 0.5 M.

The principal epifaunal animals of the shallow Beaufort Sea are
crustaceans,2 and our data so far are in agreement with this finding
of other investigators. Mysids and amphipods are abundant in our
epitaunal samples, but the isopod, Saduria entomon (Mesidotea entomon),
curiously is not.

The principal infaunal animals of the shallow Beaufort Sea are mollusks
and polychaetes.2  Our samples, taken largely from very shallow water
contain only a few mollusks.

Our observation of heavy utilization of the edge of the Beaufort  Sea
by feeding shorebirds (especially red phalaropes) and of the low
marshes by geese, although neither new nor original, provides evidence
of the importance of this zone to organisms other than thos directly
sampled.

583
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VIII. Conclusions

1. The very shallow (less than 2 M) sea bottom along the edge of the
Beaufort Sea contains infaunal organisms not reported in literature.

2. The edge of the Beaufort Sea is important to the feeding ofmigra-
tory shorebirds and geese.

References Cited

1. MacGinitie,  G. and N. MacGinitie,  1955, Smithsonian Misc. Coil., 128;
MacGinitie, N., 1959. Proc. U.S. Nat. Mus., 109. Pettibone, M.,—
1954. Proc. U. S. Nat. Mus., 103; Menzies, R=nd J. Mohr, 1963.
Crustacean, ~; Given, R., 196~ Arctic, 18; Hulseman, K., 1962.
The Veliger, 5_; Hulseman,  K. and J. Soule, ~62. Arctic, ~; Crane,
J. and R. T. Cooney, 1974. In Alexander, V., et al., Univ. of Alaska
IMS Report 74-1; Carey, A. G., et al., 1974. In Reed and Sater, The
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Coast and Shelf of the Beaufort Sea, The Arctic Inst., N. A., Arl~ton,
Vs.; Mueller, G. J., personal communications.

2. Crane, J., and R. T. Cooney, ~. ~. and Carey, A. G., et al., ~.~..—

IX. Needs for Further Study

1. Our 1975 observations should be verified in 1976.

2. More samples of the benthos of the lagoons (taken at depths in

excess of two meters) is needed.

3. Samples of benthos from the region between the shoreline and depths
of 10 to 20 meters are important and are planned for 1976. This
sampling program also will include locations at which shore-

based sampling in 1975 was not feasible.

4. The present sampling protocol should be enlarged to include
zooplankton.

x. Summary of the 4th Quarter

A. Ship or Laboratory Activities:

1. Ship or field trip schedule: None.

2. Scientific party:

a. Principal Investigator:

A. C. Broad --

b. Programmer:

Greg Petrie --

not on salary to contract.

January 1 to March 31, 8 hrs/week.

:;84
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c. Lab Assistants:

Helmut Koch -- January 1 to March 31, 20 hrs/week
Mark Bertness -- January 1 to March 31, 25 hrs/week

d. Work-Study students

David Cormany )
Randall Beaver ) -- Total cost to contract: $23.

3. Methods:

a. Laboratory analysis (sorting and identification) of
samples collected last summer continued.

b. Work was begun on integrating our data management
system and sampling procedures with those of Zimmerman
(R. U. 79).

4. Sampling Localities -- not applicable.

5. Data collected or analyzed:

a. No data collected.

b. 168 samples analyzed.

c. No miles of trackline  run.
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I. TASK OBJECTIVES: During the quarter work continued on our work

statement Task 5, Data analysis and identification of collected

material. Hydrographic, beach profile, and other, physical data

were submitted to NODC through the Project Data Manager on computer

tape on March 4. By agreement with PDM, the data format previously

approved and used in this submission will be replaced by the format

of Zimmerman (R. U. 79), and these data will be resubmitted in the

new format. On January 30, a revised work statement and budget,

entitled “Reconnaissance characterization of the littoral biota,

Beaufort and Chukchi Seas,” was submitted to the Director, OCSEAP.

The Principal Investigator attended an interdisciplinary workshop

on Alaska’s littoral zone in Seattle on January 13 and 14.

11. FIELD OR LABORATORY ACTIVITIES:

A. Ship or field trip schedule: None.

B. Scientific party:

1. Principal Investigator:

A. C. Broad -- not on salary to contract.

2. Programmer:

Greg Petrie -- January 1, to March 31, 8 hrs/week.

3. Lab assistants:

Helmut Koch -- January 1 to March 31, 20 hrs/week.

● Mark Bertness -- January 1 to March 31, 25 hrs/week

4. Work-study students

David Cormany )
) -- total cost to contract: $23.

Randall Beaver )

58’7
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C. Methods:

1. Laboratory analysis (sorting and identification) of samples

collected last Summer continued.

2. Work was begun on integrating our

sampling procedures with those of

D. ~ampling localities -- not applicable.

data management system and

Zimmerman (R. U. 79).

E. Data collected or analyzed:

1. No data collected.

2. 168 samples analyzed.

3. No miles of trackline run.

III. RESULTS: Analysis of samples taken during the summer of 1975 was be-

gun when they were received in Bellinghamon October 10, 1975. The

laboratory analysis includes sorting biological specimens from the

substrate material retained on sieves or in nets (or completing

sorting begun in the field), identification or tentative identification

of specimens, counts by species, wet weight determinations, and preser-

vation for storage. The number of samples analyzed by December 31,

1975, was 129 (of a total of 943), but, on the basis of bulk, this

was estimated to be between 20 and 30 percent completion of our task 5.

During the current quarter, 168 samples have been analyzed. On the

basis of the number of samples aione,. we have completed 32 percent

of the total, but, on the basis of bulk of material to be sorted, tfe

are around 40 percent through with task 5. We are slightly behind

where we had hoped to be on this task at this time, and extra help

will be required. In the contract, the date of acquisition of the

data derived from these samples is May 30, 1976.
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Iv. PRELIMINARY INTERPRETATION OF RESULTS: The bent.hic  biota of the

Beaufort Sea was known principally through the work of the MacGinities,
.

Crane and Cooney, Carey et al, and others.’ Almost all collections,

however, have been made from depths in excess of two meters. Crane

and Cooney state that “The shallow nearshore environment would seem

unfit for any kind of biota; indeed the beaches surrounding the Col-

ville estuarine complex bear out this contention as they are seemingly

barren of macroscopic life . . ..It “

parts of the lagoon, ice scouring

populations. No infaunal species

s apparent that in the very shallow “

prevents organisms from establishing

were found in either Simpson Lagoon

or Harrison Bay in the grab samples taken at depths of less than two

meters. Only mobile epifaunal species occurred at these shallow

depths..”

Our samples so far sorted are from the Colville River delta,

Oliktok Point, Simpson Lagoon, Pingok Island, Point McIntyre, Prudhoe

Bay, the Sagavanirktok  River delta, and Barter Island and vicinity.

Prior to the completion of sorting and the accumulation of complete

data, statistical inferences are, of course, meaningless, but most

of our grab samples, almost all of which are from water of less than

two meters deep, include infaunal species (polychaetes, oligochaetes,

nematodes, harpacticoid copepods) as well as mobile, epifaunal

forms (mainly mysids and amphipods). In general, the density of

polychaete  populations is greater in samples from depths of two

meters or more (two such samples have 7,704 and 5,410 worms/M2 and

all so far sorted include at least several worms), but sometimes

large numbers of individuals are found at lesser depths: 290 to

1,558/M2 at a depth of 1.5 M; 952 to 1,255/M2 at 1 M; and 1,428
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to 5,107/M2 at 0.5 M depth. These data, I must stress are selected to

demonstrate a point; that our grab samples from less than two meters’

depth may sometimes contain large numbers of infaunal  animals. These

cited data do not establish norms. The indication currently is that dis-

tribution of infauna in the very shallow water is uneven and may be related

to the presence of

I/e have found

shallow water grab

peat (disintegrating

an unexpected number

samples. One sample

tundra vegetation) in the substrate.

of oligochaete worms in our

of 10,604 worms/M2  from a mud
t-l

flat is the current high, but other samples of several hundred worms/Mz

are common in depths of water of 0.5 M or less. We have found fewer

oligochaetes  in samples taken from water deeper than 0.5 M.

The principal epifaunal animals of the shallow Beaufort Sea are

crustaceans, 2 and our data so far are in agreement with this finding of

other investigators. Mysids and amphipods are abundant in our epifaunal

samples, but the isopod, Saduria entomon (Mesidotea entomon), curiously

is not.

The principal infaunal  animals of the shallow Beaufort Sea are

2mollusks and polychaetes. Our samples, taken largely from very shallow

water contain only a few mollusks.

References Cited
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3_; Given, R., 1965. Arctic, 1S; Hulseman. K., 1962. The Veliger, ~;—

Hulseman, K. and J. Soule, 1962. Arctic, 15; Crane, J. and R. T.—

Cooney, 1974. In Alexander, V., et al., Univ. of Alaska MS Report
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74-1; Carey, A. G., et al., 1974. In Reed and Sater, The Coast and.—

Shelfof the Beaufort Sea, The Arctic Inst. N.A., Arlington, Vs.;

Mueller, G. J., personal communications.

2, Crane, J. and R. T. Cooney, l.c. and Carey, A. G., et al., l.c.—— — —  —-

V. PROBLEMS ENCOUNTERED: The principal prob?em encountered this quarter

has been the time required to sort through samples that contain large

amounts of peat. This, clearly, was unanticipated in planning prior

to the first field season. The immediate (and perhaps only) solution

will be to employ more sorters, but we also hope, during our second

field season, to do a better job of sorting samples in the Arctic.

Note also problems mentioned in the last quarterly report and

those inherent in working toward a common data reporting and manage-

ment format with Zimmerman.

VI. ESTIMATE OF FUNDS EXPENDED:

Budget category

Salary, Principal

Salary, Associates

Salary, other

Student work-study

Fringe

Travel

Card punch

supply

Overhead

Totals

1 These figures are

Amount budgeted

$14,065

21,463

31,000

- -

8,875

9,000

600
- -

8,500

$93,503

Amount spent

!$ 4,617

8,290

17,748

29

3,447’

6,2492

--

605

4,500’

$45,485

Amount remaining

$9,448

13,173

13,252

- 29

5,4281

2,751

600

- 605

4,000’

$48,018

estimates of current obligations and unobligated funds.

The College accounting currently shows more in the “amount remaining” column.
2 Includes some freight charges not originally anticipated.
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I. Task Objectives

The two tasks of primary emphasis are A-23 and A-24: to deter-
mine seasonal density distribution and environmental requirements of
principal species of phytoplankton,  zooplankton, and ichthyoplankton,
and to determine seasonal indices of phytoplankton production,
including the sea ice flora. The task of secondary emphasis will be
to summarize the existing literature, unpublished data, and archived
samples.

II. Field or laboratory Activities

A. Ship or Field Trip Schedule

1. Barrow to Prudhoe Bay; 1 Aug - 2 Ott 1975
USGS Beaver airplane on floats; NARL Boston whaler

B. Scientific Party

Rita Homer, Associate Investigator, 1-15 Aug
Mike Macaulay, Graduate Student, 4-18 Aug
Rich McKinney, Research Aide, 4 Aug - 3 Sep
Debbie White, Assistant Oceanographer, 1 Aug - 2 Ott

All personnel are associated with the Department of
Oceanography, University of Washington, Seattle,
Washington 98195.

c . Methods

1. Field Sampling

Water samples for phytoplankton  standing stock, pri-
mary productivity, chlorophyll ~, and nutrients were collected with
a modified van Dorn (Scott-Richards) bottle. These samples were
returned to the shore laboratory in 4-1 polyethylene bottles for
processing.

Acoustic measurements were made with a Ross 200A
Fineline echosounder.

2* Laboratory Methods

Phytoplankton standing stock samples were preserved
with 5-10 ml of 4% formalin buffered with sodium acetate. Cell
counts and species identifications are being made using a Zeiss phase-
contrast inverted microscope following the method of Uterm6hl (1931).

One or two liters of each water sample were filtered
through 0.45 ~m Millipore filters and the filters frozen. In Seattle,
the filters were ground, the chlorophyll extracted in 90% acetone,
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and the chlorophyll a determined using a Turner fluorometer
(Strickland and Pars~ns 1968).

Primary productivity experiments were run following
the method of Steeman Nielsen (1952). Filters containing the
radioactive phytoplankton  were returned to Seattle where they were
analyzed using a Packard Tri-Carb Liquid Scintillation Spectrometer
with Aquasol (New England Nuclear) as the scintillation cocktail.

Millipore-filtered seawater was frozen in 125 ml
polyethylene bottles and returned to Seattle for nutrient analyses.
Autoanalyzer methods (Strickland and Parsons 1968) were used to
determine nutrient concentrations,

Filtered seawater was also used to determine salinity.
These samples, in 250 ml polyethylene bottles, were taken to NARL,
Barrow, and analyzed using a Beckman RS 7B induction salinometer.

D. Sample localities are given in Figs. 1 and 2.

E. Data Collected and Analyzed

1. Data Collected

m Number
Phytoplankton standing stock samples 86
Chlorophyll ~ 84
Primary productivity 168
Nutrients (P04, Si, N03, N02, NH4) 61

Temperature 87
Salinity 84
Ross echosounder traces 9

2. Data Analyzed

Phytoplankton
Z.YE

standing stock
Chlorophyll ~
Primary productivity
Nutrients (P04, Si, N03, N02, NH4)

Temperature
Salinity
Ross traces

Number
43
84
100
61

87
84
0
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111< Results

Inside Prudhoe Bay, small species of the diatom genus
Chaetoeeros, especially Ch, furcellatus Bailey, were dominant.
Pennate diatoms, mostly unidentified, were also present, but
usually not in large numbers. At station 33, slightly north of
(%11 Island, at 15 m, small flagellates were abundant along with
Chrzetoceros spp. Small flagellates were also abundant at the
surface at station 30. Ciliates were abundant at stations 6, 14,
15, 16, 23, 24, and 31.

Chlorophyll ~ concentrations were generally below 1 mg/m5,
except for near-bottom sampl s at stations 24, 27, and 30 where the

5concentrations were 2-3 mg/m . At stations 30-15, pennate diatoms
were most abundant, but at station 24-7, Chaetoeeros  fureellatus
was most abundant,

Temperature ranged from -1,0 - +3.0° C with the lowest and
highest temperatures at the surface. Salinity ranged from 11.648 -
24.959 O/oo with higher salinities generally being in deeper water.

Phosphate concentrations ranged from 0,03 - 1.31 pg at/1,
generally being below 0.60 Pg at/l; silicate concentrations ranged
from 4.72 - 20.95 pg atll. The lowest concentration was at station
10 and the highest at station 4, both located inside the bay near
the east dock. The samples were collected one day apart and few
diatoms were present at either station. Nitrate concentrations
ranged from 0.03 - 1.19 pg at/l; nitrite ranged from 0.00 - 0.57
Vg at/l; ammonia ranged from 0.60 - 2.57 pg at/1.

Primary productivity values have not been calculated.

Summary station sheets are in Appendix 1.

T-v . Preliminary Interpretation of Results

Chaetoeeros furee22atus is usually considered to be a spring
diatom. It occurs with spores in the Barrow area at the edge of the
ice. The ThaZass~os~~a species present are also spring forms.
Many of the pennate diatoms, while not identified to species, appear
to be diatoms that usually live in sea ice in spring. It appears
that the phytoplankton  community sampled in September 1975 consisted
primarily of species characteristic of the spring bloom that usually
occurs about the time the ice breaks up. This is consistent with
ice conditions in the Prudhoe Bay area in 1975.

Average nutrient concentrations were higher than those
reported by Homer et al. (1974) for August 1972. The average nitrate
+ nitrite concentration was about twice that of 1972 while ammonia
was only slightly higher. This could also indicate that the phyto-
plankton bloom was taking place during early September.
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1. Task Objectives

The basic objective of the biological oceanographic program at
ATDJEX main camp, Big Bear, was to collect information on standing
stocks and seasonal changes in the environment under pack ice,
including primary production and the response of herbivores to pro-
duction. This information, with data from past biological investi-
gations at Fletcher’s Ice Island, T-3, will be used as the basis
for a descriptive model characterizing the planktonic ecosystem and
its relationship to the overlying ice cover.

II. Field Activities

A. The field investigation was conducted from 1 June to
30 September, 1975, at the AIDJEX main camp, Big Bear.

B. Scientific Party

Clarence Pautzke, Party Chief, 30 May - 2 Ott
Jerry Hornoff, Marine Technician, 30 May - 18 Sep
Kevin Wyman, Marine Technician, 30 May - 24 Aug
Maureen McCrea, Graduate Student Helper, 18 Sep - 2 Ott

All personnel are associated with the Department of
Oceanography, University of Washington, Seattle,
Washington 98195.

c . Methods

1. Field Sampling

Zooplankton samples were taken with overlapping depth-
to-surface net hauls using a non-closing conical l-m diameter ring
net with 73vm mesh. Samples were preserved in 4% buffered formalin
or frozen for later analysis in Seattle.

Water samples for phytoplankton standing stock, pri-
mary productivity, chlorophyll ~, and nutrients were collected with
a modified von Dorn (Scott-Richards) bottle.

2. Laboratory Methods

Primary productivity was measured following the method
in Strickland and Parsons (1968).

Chlorophyll ~ concentrations were measured by filtering
four liters of seawater onto Type A, Gelman glass fiber filters.
The filters were frozen and taken to Seattle, where they were ground,
the chlorophy].1 extracted with 90% acetone, and the extract analyzed

with a Tllrner fluorometer (Strickland and Parsons 1968).
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Phytoplankton  standing stock samples were preserved
with 8% formalin  buffered with sodium acetate and borate to give a
final concentration of 2% formalin,

Nitrate analysis was done according to Strickland and
Parsons (1968),

Water samples to be analyzed for particulate carbon
were filtered onto Reeve Angel 934 AH filters and frozen.

Incoming solar radiation was recorded daily at the
ice surface using a LI-COR-185 quantum meter.

D. The drift track of the AIDJEX main camp is shown in Fig. 3.

E. Data Collected or Analyzed

1. Data Collected

22?= Number
Net zooplankton 994
Phytoplankton standing stock 209
Chlorophyll ~ 1096
Primary productivity 2941
Nitrates 272
Particulate carbon 44

2. Data Analyzed

XY12!2 Number Display
Net zooplankton 12 Table 6; Figs. 6-9
Phytoplankton standing stock o
Chlorophyll ~ 825 Tables 2-5; Figs 4,5
Primary productivity 1394
Nitrates 272 Table 1
Particulate carbon o

3. Miles of Trackline

The AIDJEX main camp drifted approximately 870 km
from 1 June - 30 September 1975.

111, Results

A. Nitrates: No nitrate replicates were made; at the 1 Ug at/1
level, the correct value is t 0,05 pg at/1 of the measured value
(Strickland and Parsons 1968). There was no measurable nitrate in the
upper 40 m throughout the summer (Table 1). Measurable nitrate
remained absent in the upper 50 m unti”l near the end of August when
small amounts (< 1 ~g at/1) appeared at depths less than 50 m. By
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Table 1. Nitrate Concentrations (Vg All) Measured at AIDJEX Main Camp Big Bear during Summer 1975

Diite  (197S)

June July
Depth
(m) I.1 17 20 23 29 5 7 11 17

10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

42

44

46 0.0 0.0

48 0.0

50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

52 0.0 0.0

54 0.1 0.2

56 0.0 0.1 0.2 0.4

58 0.4

60 1.3 0.2 0.6 1.3 0.0 0.3 0.4 1.1

62 0.9

64 0.3 0.6 2.4 1.4

70 6.3 3.5 2.8 2.6 4.7 4.5

80 7.4 5.8 8.4 6.6

100 11.0 10.5

23 29 4 10

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0

0.0

0.0

0.0 0.0 0.0 0.0

0 .3

0.5

0.0 0.0 0.0 0.8

1.2

0.2 0.1 2.4 0.9

1.9

2.4

2.4 4.0 6.6 3.6

7.0

12.2

August

16 22

0.0  0 .0

0 .0  0 .0

0 .0  0 .0

0 .0  0 .0

0 .0  0 .0

0.5 1.2

September

28 30 6 12 22 27

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.1 0.1

0.0 0.0 0.0 0.0 0.2

0.0 0.0 0.4 0.4 0.7

0.2 0.0 0.4 0.4 1.1

0.1 0.5 0.0 0.8 1.0 1.9

1.2 0.2 1.3 1.4 3.0

1.9 0.3 1.8 2.1 3.3

2.6 0.9 1.9 2.4 3.6

2.4 1.3 2.1 2.1 4.3

1.7 3.0 1.9 2.1 3.4 5.6

3.4 3.7 3.4 5.0 5.4

3.7 5.8 2.8 4.4 6.4

3.0 5.8 6.5

10.1 10.2 10.2 9.6 10.8

13.5 14.8 14.3 13.3

w
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late September there was measurable nitrate at 42 m. At the bottom
of the mixed layer (55-65 m), concentrations were low but increased
slowly with depth. At 100 m, nitrate concentrations were over 10.0
pg at/1,

B. Chlorophyll ~: The 825 samples that were analyzed (Tables
2-5) comprised the depth series to 100 m. Estimates of precision
will be made after the remaining 271 samples are analyzed.

In the upper 40-45 m fFig. 4 a-k) peak chlorophyll ~ con-
centrations of 0.09 - 0.10 mg/m were found in early June. A
secondary small increase occurred in mid-to-late September. By late
June, con~entrations  had decreased in the upper 40 m to less than
0.03 mg/m and remained low through August.

The major summer increase in chlorophyll ~ occurred at
58-64 m (Fig, 431, 5) during July and August. Concentrations
above 0.25 rng/rn were recorded at 60 m on 23 July, and at 62 m on
1 August. Concentrations at these depths in general decreased
after mid-August on.

3
At 80 m (Tabl~s 2-5), concentrations increased

in July to 0.07 mg/m and 0.08 mg/m in early August, thereafter
declining. Concentrations at 100 m remained at or below 0.05 mg/m3
throughout the summer.

Chlorophyll ~ integrated to 100 m (Fig. 4 m) dropped to a
minimum in late June and early July, the period between increased
concentrations in the upper 40 m and the increased concentrations
at 58-64 m. Except for this peri d,

9
the integrated chlorophyll a

remained between 5.0 and 7.0 mg/m throughout the summer, declin~ng
in late September.

c . Primary Productivity: Results will be presented in the
next quarterly report after the analysis of the radiocarbon
standards and the prevailing light levels during incubation have
been calculated,

D. Zooplankton: Three of the larger, more abundant copepod
species Ca2anus hyperboreus,  C. glacialis, and Euchaeta glaeialis
were counted and identified to developmental stage for 12 samples,
Total numbers (Table 6 and Figs. 6-9) have not been adjusted to mouth
opening or filtration efficiency (i.e. , 100% filtration is assumed).

C. hyperboreus females, stages V and IV (Fig. 6), show
maximum abundance in July. Stages 111 and II appear in late
August and in September. No stage I -juveniles were found. The
total of individuals exhibits a maximum in mid-September.

C. glaeialis females and stage V (Fig. 7) are abundant
from 15 June through mid-August, Few stage IV’s were found through-
out the summer, Stage I’s appeared during the second week in July
and stage 11’s appeared about mid-August. Stage 111’s appeared
only at the end of September. Total individuals had a mid-August
maximum.
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TA13LE ZO CHLOROPHYLL A (M G/Ii3) MEASURED AT AI DJEX flAIN CAMP.

CHLOROPHYLL  A  (~~/~31 FOQ Ji.1’4E 197!5

DEP”I H
2 5 8 11 14 17 20 23 ?6 29 DAY

,09 ● 1O .(-)9 .08 .05 .07

.10 .10 .10 ● O8 .06 .06

.11 .09 ,10 .08 .06 ● 05

● 11 ● 11 .09 ● O9 .06 .07

.10 .11 ● 08 .08 ● 06 .05

.08 .09 .11 .07 .07 .05

.09 .10 ● 08 bo7 .06 .04

*O8 ● 11 .06 ● O7 ● 07 .05

.06 ● O8 *OB 007 .07 .04

c06 .08 .09 .08 ● 06 ,05

● O7 .06

.09 ● O5

.07 .10 .00 ● O7 .06 .06

.06 .08

.05 .09

.05 .11

.04 ● O8

.06 .04 ● 04 .06 .05

●  04 .06

● 04 .04

● 02 .00

.00 .00

.03 .04 ● O3 .02

● O4 .04 ● O2 .01

● 03 ● O2 ● 02 .01

● O3 .03 ● O2 .01

.03 ● O3 ● O2 .01

.03 .03 .02 .01

.03 bo2 .02 .01

● 04 003 ● O2 .01

● O4 ● 03 .02 .02

.05 .03 .03 .02

● O2

.03

● 06 ● O3 .03 .03

● O3

.04

.04

● 08

● O8 .05 .05 .07

.05

.03

.01

.00
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TAE3LE 39 CtiL,UROPHYl_L 4 (MG/t13) MEJJ5ul+E~ ~T ~lDJEX MAIN C A M P .

CHLOROPHYLL  A (f4G/M3) F~R J U L Y  1 9 7 5

2 5 8 11 14 17 20 23 26 29 DAY

.02 . 0 3 .01 .03 .01 .01 .01 .01 .01 .01

.(?2 .03 ● O1 .03 .01 .01 ● O1 ● 01 .01 .01

.01 ● 02 .01 ● O3 . 0 1 ● 01 ● 01 .01 .01 ● O2

.01 .03 .01 .03 .02 .01 ● O1 .01 ● O1 .01

.03 .03 .01 .03 ● O2 ● O1 .01 ● O1 .01 .02

● O3 ● O3 .01 .04 .02 .01 .02 .02 .01 .03

.01 ● O3 .01 ● O3 ● O2 .0.2 ● O2 ● 02 ● O1 ● O3

.02 ● 04 ● 02 .03 ● O3 .02 ● 0.2 ● O2 ● O2 ● O3

.04 ● O4 .04 ● 03 .03 .03 ● O3 ● O2 *O2 .03

.04 .06 .05 .04 .04 ● O5 ● O4 .03 ● O2 .04

● 1O ● 04 .06 .02

.11 ● 06 .07 .02

.04 .11 .06 .06 ,05 .09 ● O5 .04 ● O3 .02

.11 ● 09 .10 .02

.13 ● OY .10 .04

● 12 ● 11 .13 ● O7

● 1I .08 ,12 .12

.11 .11 .12 ● O9 ● O8 .12 ● 14 s26 .19 .13

● 12 ● lo ,13 .i3

.12 909 .14 ● lo

.03 .04 .05 .07

.01 .01 .02 .03

G(I5
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TAt3LE 46 C H L O R O P H Y L L  A  (flG/M3) MEASUI?EO AT AIDJEx M A I N  C A M P .

C H L O R O P H Y L L  A  (MG/M3) FOR AiJGUST 1~75

OE~il-1

.01 .02 .02 ● O3 .02 .03 .01 ● 03 ● O2 .03 .02

.02 ● O2 .01 .03 .02 .02 .02 ● O2 .02 ● 03 .02

.01 .01 .01 ● O4 ● O2 ● 03 .01 ● O2 .02 .02

● O1 .02 .03 .03 .02 .05 ,02 ● 02 .02 .03 .04

.02 ● O3 ● 06 .03 .03 ● O4 .02 .04 .02 .03 ● 04

.03 .0? .04 ● O4 .03 ,04 .02 .04 ● O3 .03 .03

.02 .02! .03 .03 *O4 .04 ● O3 .03 ● O3 .04 .04

.03 .03 ● ok .03 ,06 ,07 .03 .03 .03 .05 .04

.04 .04 ● O4 .04 .09 .05 .05 .04 .05 .05 ● 06

e06 ● O8 ● O6 .05 .19 ● 06 c1O ● 07 .07 .06 .12

.04 ● 06 .07 ● 19 .08 .07 .05 .08 .10 ● O7

.07 ● 06 ● 10 .14 .07 ● 1O ● O9 .08 ● 12 .09

. 0 6 . 0 9 , 0 8 ● 11 .17 .10 . 1 3 .12 . 0 9 .ll ● lo

.0.!3 . 1 2 ● lo .17 . 1 0 . 1 6 .14 ● 12 .11

.07 . 1 2 . 1 0 . 1 4 ● 11 .16 .14 .12 .10 ,18

,11 .10 .10 .14 .18 .15 ● 14 ● 14 ● O8 .17

,14 .14 .08 . 0 9 ● 14 . 1 0 .11 . 1 2 ● O9 . 1 4

,17 . 2 0 . 1 6 .09 . 0 8 . 1 3 ● O8 ● 11 .12 .11 ● 14

. 2 6 . 1 5 .09 .07 .14 .08 ● lo ● 10 .09 ● 11

.24 .14 ● 1O ● O6 ● 12 ● 06 .10 .10 .07 ● O8

● O5 .08 . 0 6 ● O4 . 0 6 . 0 4 .04 *O4 .05 .05

.03 ,05 ● 04 .02 .04 .03 ● O3 .03 .02 .02

~GG
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TAf3LE 50 CHLOl+oPtiYLL  A  (MG/M3) M E A S U R E D  AT AXDJEX  MAIN CAMP.

C H L O R O P H Y L L  A  (t4G/M3) FOR SEPTEM(3ER 1975

DEPTH
3 6 9 12 15 18 21 24 27 30 DAY

● OJ

● O3

. 0 5

.05

.03

● O4

.04

.04

● O5

.05

.04

.06

.10

● 10

.12

.11

● lC?

.12

.12

.03

.02

. 0 2

● O3

. 0 3

. 0 3

● O2

● 04

● O4

● 0 4

.04

. 0 5

.06

● O7

● O7

.08

. 0 9

● 11

● 12

● 12

● 12

● 11

.04

.02

.04

.05

.04

.04

.04

.03

● O3

.04

● OG

.06

.06

.07

.07

.08

.08

.09

.10

.09

.07

.08

.04

.02

. 0 5

. 0 5

. 0 6

●  04

.04

● O4

● O4

. 0 4

. 0 6

● O9

.10

● od

● lo

● 12

.12

● 11

411

● lo

● 10

.09

● O4

.02

.06

● O4

● 0 4

. 0 3

● O4

● O3

. 0 4

.0!5

.08

. 1 2

.08

. 0 8

. 0 8

. 0 8

.08

● O8

.08

. 0 8

. 0 7

. 0 6

. 0 5

. 0 3

.05

,06

.04

.04

.02

.03

● O4

.04

● O5

.05

,09

● 08

. 0 4

. 0 5

. 0 5

. 0 5

. 0 5

● O5

● O5

. 0 5

● O5

● O7

. 0 7

. 0 7

. 0 8

. 0 8

. 0 7

. 0 8

. 0 7

. 0 7

. 0 6

. 0 6

● O3

● O2

.05

● O5

.05

.05

● O5

.05

.05

,06

● 06

● o?

.08

.08

.07

● 06

● O7

● O5

.05

● O5

● O4

.04

● O2

● O1

● O4

● O4

● O4

. 0 4

● O4

● O4

● O4

● O4

● O5

. 0 6

● O6

. 0 7

. 0 6

● O5

. 0 5

. 0 5

.05

● O5

.04

. 0 3

902

.02

.04

.04

.04

.04

.04

.04

.04

.04

.06

.06

● O6

● 06

.05

.05

.05

.06

.04

.06

.05

.04

● O2

.02



02

02

V \)

15

n

a

● lo

● (E

o

a

3 m

.10 - b

5m
● OS -

0 1 I I

.10

t?

c

e

.10
1A

f

1 0 m

1 5 m

15m

.0s -.

a 1 1 I
JUNE JULY AUGUST SEPTEMBER

F i g .  4 . Chlorophyll ~ (n~g/n]3)  measured at dc>pths
indicated during summer20f 1975.
(m) Chlorophyll ~ (mg/m ) integrated over
the upper 100 m.



10

12

vrv

16

.m - 9

0s -

0“ 1 I 1

.10 h

● OS -

0’ I 1 I

● 1O - I

● OS -

0“ t I I

.20

.15

.10

.0s

o

k

1 I 1

JUNE JULY AUGUST SEPTEMBER

30 m

35 m

40 m

45m

50m

Fig 4 (cont.)

609



I
V

17

a

.2

.1

7.00

6.00

5.m

4.00

3.00

2.00

1.00

0

I

m

JUNE JULY AUGUST SEPTEMBER

Fig. 4 (cont.).



\%
'

.&

1

4i
iP

'
/

/ ngL I
(w)

18

.0 .1 .2

CHL a

(mg/m3)

.
Fig. 5. Three dimensional plot of chlorophyll ~ (mg/m~),

0-100 m, 1 June to 30 September 1975



19

TA6LE ~o N(JI+IBLRS f3F ADULT FEMALES A N D  J U V E N I L E  S T A G E S  I-V F O R
CALAN!JS tlYPERt3(lf?EUS,  Q, G L A C I A L I S ,  A N D  E!JCHAETA Gt_ACIALIS A S
SAMPLEO WITH  50-0 M NET HAuLS  Ii? T I M E S  DJ<ING T H E  SUMMER  19750

“ x  7

Females

v

IV

III

II

I

Females

v

Iv

111

II

I

Females

v

Iv

111

II

I

8

35

21

1

0

0

3

1

“o

o

0

0
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0
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0
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2 4
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2 4

21

0
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0

0

0
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JULY AUGUST SEPTEMBER

3 12 21 30 8 16 26 13

CALANUS HYPERFIO?EUS

52 48 6 8 39 16 26 37

76 38 31 19 26 13 18 26

27 13 10 10 15 9 10 34

0 0 0 0 0 33 80 327

0 0 0 0 0 29 23 23

0 0 0 0 0 0 0  (j

CALANUS GLACIALIS

26 27 23 23 34 24 9 10

14 15 13 15 3 4 2 4

0 1 0 0 0 0 0  1)

0 0 0 0 0 0 0  1

0 0 0 0 0 49 26 21

0 49 29 30 0 69 19 28

EuCt+AETA  G L A C I A L I S

0 2 0 0 0 1 3  3

1 3 0 0 2 4 4  0

0 0 0 0 0 0 0  0

0 0 2 20 10 4 4 0

2 1 0 0 2 0 0  0

0 0 0 0 0 0 0  0

2 8

18

8

3 9

7 4

0

0

3

3

0

14

9

8

0

5

0

0
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0
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E. gZueiaZis  was present in low numbers for all stages
and females (Fig. 8). Maximum numbers appeared in early August and
these were largely stage III’s,

Total numbers (Fig. 9) of these three species attained a
secondary maximum in abundance during the first two weeks of July,
composed mainly of C. Jxyperboras and C. gZaeiaZis  stage V’s and
females. The greatest abundance is found in the last half of
August and first part of September and is composed principally of
Stage III C. hyperboreus and stages I and 11 C. glaciazis.

IV. Preliminary Interpretation of Results

The chlorophyll concentrations of the upper 50 m mixed layer
have been observed from Fletcher’s Ice Island, T-3, to increase in
late June or early July after the spring snow cover has decayed
and melt water accumulates on the ice surface. Chlorophyll remains
abundant until mid or late August snow storms obliterate melt ponds
and cover the ice surface with a highly reflective, almost opaque
cover, This typical single pulse of primary production is con-
strained by the timing of the spring melt and the lasting autumn
accumulation of snow. During the summer, growth of the phyto-
plankton may be modified by temporary changes in the ice cover such
as intermittent snow storms. Neither grazing by herbivores nor
nutrient limitation has been verified as causing the late summer
decline in plant standing crop.

Chlorophyll concentrations during the summer of 1975 (Figs.
4 a-m, 5) show the possible consequences of nutrient limitation in
the mixed layer. Nitrate, the only nutrient measured, was not
detected in the upper 40 m during the summer (Table 1). Other
nitrogen sources and nutrients such as phosphate and silicate were
not measured, so it cannot be stated unequivocally that nitrogen
was limiting to plant growth , although that seems probable. The
relatively high chlorophyll values recorded in early June in the
upper 40 m may be the end of an earlier spring bloom that exhausted
the nutrient supply in the mixed layer.

The seasonal pattern of submarine light may be deduced from
changes in the ice cover recorded from June to September, 1975.
Eight periods can be delineated roughly:

June 1-22: pre-melt,  crusty, snowy, bright white surface
June 22-July 1: heavy melting, melt ponds increase,
intermittent rains
July 2-9: maximum meltwater (40-60%), intermittent snows
July 10-15: pond drainage, increased leads, intermittent snow
July 16-25: little change, grey ice, ponds skimmed, some snow
JU~y 26 - Aug 19: heavy snow accumulation, ponds drifted
over, bare ice snow covered
Aug 20-29: brief rainy, warm melt period, grey ice, slight
regeneration of ponds
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Aug 30 - Sep 30: final snow build up, ponds and bare ice
all snow covered

Submarine light increased with the rains and warming tempera-
tures in late June. Optimal light conditions prevailed until late
July when snow drifted over many melt ponds. The slight warming in
late August temporarily increased submarine light, but that effect
was minimized by low sun elevations.

The phytoplankton  at 60-64 m responded to the optimal light
conditions in July with an increase which reached its maximum in
late July and early August. The subsurface chlorophyll maximum
may have effectively stopped nutrient transfer into the mixed layer
from below the pycrocline, Aside from a brief recovery in late
A~gus t , the 60-64 m chlorophyll concentration declined through
August and September concomitant with the decreasing light. Low
chlorophyll concentrations at the bottom of the mixed layer toward
the end of September are associated with an increase in nitrate in
the 42-50 m layer where, until then, none was detected. A slight
increase in chlorophyll in the upper 40 m was evident at this time.

v. Unpublished Data and Archived Samples

We are beginning to acquire unpublished data and archived
samples. In particular, we are analyzing WEBSEC (Western Beaufort
Sea Ecological Cruises, sponsored by the U. S. Coast Guard) data
and samples collected in 1972 and 1973.

We have acquired zooplankton samples collected by National
Marine Fisheries, Auke Bay Laboratory, personnel in 1972 and have
begun processing them. No fish eggs have been found in seven
Isaacs-Kidd mid-water trawl samples that have been sorted. Fish
larvae have been found at two stations (Table 7).

Table 7. Number of fish larvae found in two WEBSEC-72
Isaacs-Kidd mid-water trawl samples

Station
Fish

Date Depth (m) = Larvae

009 7 Aug 72 AB 72-157 29
(70°30.8’N, 4; -159 15
144°27.0’w) 20 -160 0

010 7 Aug 72 20 -163 26
(70°19.3’N, 15 -164 38
144°46,5’w) 10 -165 59

0 -166 272

Sixty vertical net hauls have been examined for fish larvae
and fish eggs; only 2 eggs and 1 fish larva have been found in these
samples (Table 8).
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Table 8, Fish eggs and larvae from two vertical net hauls

Fish Fish
Station Date Depth (m) - Larvae m

005 5 Aug 72 500 AB 72-137 0 1
(70°51.7’N,
143°45.4’w) 800 -138 0 1

010 7 Aug 72 30 -161 1 0
(70°19.3’N,
144°46,5’W)

Copepods have been separated and identified from two WEBSEC-72
vertical net hauls (Tables 9, 101,

Table 9. Cop~pods  sorted from station 005, AB 72-132,
(70 51.7’N, 143°45.4’W),  5Aug 1972, 501n.
The total

Species
Calanus hypepboreus

CaZanus gZueiaZh

Euehaeta gi?ac;alis

number of copepods was 1742.

* % Total
38.80

v 19.17
IV 2.46
111
I

VI ?
v
IV
111
II
I

0 . 4 0
0.11

14.12
3.32
0.74
1.32
0.74
0,11

4.53
1.03
2.58
0.80
0.92
0.45

0.86
0.63
0.63
0.11
0.11
0.06
0.23
0.05

Pseudocalanus minatus 3.20

6.19
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Species
Scaphoealanus  magnus
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9 (cont.).

~e % Total
VI $ 0.28
V9 0,17

Calanus glaeialis

Metridia longs

Euchaeta glaeialis

v@ 0.06
Iv % 0 .06

Hete~-orhabdus norveg<cus VI ? 0.46
VI @ 0.22

Gaidius tenuispinus VI $ 0.11
VI # 0.11
V$ 0.17
v.# 0.11
Iv 9 0,06

Aetideopsis rostrata VI $ 0,29

Limrwealaflus gtimaldii VI s 0.11
~~ 0.06
V$ 0.06
VP 0.06

Table 10. Cogepods sorted from station 019, AB 72-199,
71 09.O’N, 146°29.0’W, 11 Aug 1972, 250 m.
The total number of copepods was 265.

Species Stage % Total
Ca2anus hyperboreus VI $ 2.64

v 4.15
IV 0.75
I I I 0 .75

VI $ 4 .15
~fl 0.38
v 3.01
I V 9.81
I I I 35.09
I I 8 .30
I 0 .38

VI $ 3 .01
V$ 7.17
V@ 7.92

VI P 0.38
V$ 0.38
IV F 0.38
Iv > 0.38
III 0.38

620
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Table 10 (cont.),

Species
Pscudoealanus  nrinutus

% Total
12.83

0.75

Scaphoealanus  magnus VI $ 0.38

Reference slides have been prepared for the following
species including adult forms and copepodid  stages:

Ca~anus hyperboreus  (V14, V, IV, III, I)
Calanus glacialis (VI: , VI@, V, IV, III, II, I)
Metridia Zonga (VI.% , VI~, V$ , V@, IVf , IV@)
Euehaeta  (Pmaeuehaetu) glae4aZis (W+ , Vi@, V?, V

IVd, III, 11, I)
Pseudocalanus  rrrinutus  (V1g , V3)
Scaphoealanus  magnus WI? , V$ , V@, IV$)
Heteror?zabdus  norvegieus (VI?- , V18)
Gaidius tenuispinus (VI# , VI~, Vf , Vfl, lV-g)
Aetideopsis rostrata (VI?)
Limnoealanus  grimaldii (VIg, VI@, Vy , V~)

copepod

~, Iv$?,

Data from phytoplankton standing stock and chlorophyll ~
samples collected during WEBSEC-73 and previously analyzed, are being
examined in terms of species present, standing stock, chlorophyll ~
concentrations, depth , and geographic distributions.

VI. Literature Review: Zooplankton and Phytoplankton

The literature review for Beaufort Sea zooplankton and phyto-
plankton is continuing. Approximately 615 references pertinent to
Arctic zooplankton have been obtained. Of these, approximately 80
are not in the University of Washington library system. These are
being ordered on Interlibrary Loan and copies will be placed in the
Fisheries-Oceanography Library of the UW system.

Approximately 125 Arctic phytoplankton references have been
obtained. Most of these are in the UW library system or will be
made available for permanent placement in the library.

Many of the references are taxonomic  in nature and not
restricted to the Arctic. The literature search has been designed
to include references for the whole Arctic Ocean and peripheral
waters including the northern Bering Sea, Norwegian Sea, Denmark
Strait, %affin Bay, and Davis Strait because it is not possible to
separate the Beaufort Sea biologically from the rest of the Arctic
and Subarctic.

The search for ichthyoplankton  literature for the Beaufort
Sea is continuing.
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Appendix 1. Station Summary Sheets for the Barrow Transects
(B-1-1O) and the Prudhoe Bay Stations (PB-1, P-l-37),



Station Location and Number: PB-1 Prudhoe Bay Date: 8/12/75 Time: 1600

Air temperature: 10° Secchi disc depth: ‘- Water depth: 15’

Local weather and wind conditions: sunny, clear , wind O-5 kts; station taken from Beaver airplane on floats

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth

,,L solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m2”hr)

o 4.5 26.776 -- -- -- -- -- 0.170

9 4.5 26.550 -- -- -- -- .- 0.355



Station Location

Air temperature:

and Number: B-1 Drew Pt. Date: 8/15/75v

4.5 Secchi disc depth: -- Water

Local weather and wind conditions:

Time: 1500

depth: 4’

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T S“/oo P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o W3.() 16.130 0.38 6.82 0.00 0.03 0.00 0.417



Station Location and Number: B-2 Cape Simpson Date: 8/15/75 Time: 1530

Air temperature: 4.5 Secchi disc depth: -- Water depth: L’

Local weather and wind conditions:

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T solo. P04 Si No 3 N02 NHq (mg/m3) (mgC/mS”hr)

o 3.0 23.539 0.18 2.89 0.02 0.03 1.06 0.430

,, *.. . .
~



Station Location and Number: B-3 Tangent Point Da~e:8/15/75 Time: 1600

Air temperature: 4.5 Secchi disc depth: -- Water depth: 5’

Local weather and wind conditions:

Nutrients (pg-at/g) Chl. a Prim. Prod.
Depth T So/.. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/mS.hr)

o 3.0 30.283 0.33 5.50 0.01 0.02 0.21 0.212



Station Location

Air temperature:

and Number:

4.5

B-4 off Scott Point (lead) Date: 8/15/75

Secchi disc depth: ‘– Water

Time: 1700

depth: 3’

Local weather and wind conditions:

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o 3 . 0 12.854 0.82 14.78 2.17 0.10 0.63 0.456



Station Location and Number: B-5 Ross Point Date: 8/27/75

Air temperature: 1.2° Secchi disc depth: ‘- Water

Local weather and wind conditions: clear; wind 10-18 kts.

Time: 1526

depth: 5’

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T solo. P04 Si NO 3 N02 NH4 (mglm3) (mgC/m2-hr)

s 0° 13.072 0.35 3.5.5 0.12 0.08 0.63 0.290

E 00 26.850 0.24 2.45 0.16 0.07 0.63 0.298



Station Location and Number: B-6 Ross Point Date: 8/27/75 Time: 1547

Air temperature: 1.2° Secchi disc depth: ‘- Water depth: 5’

Local weather and wind conditions: clear, wind 10-18 kts.

Nutrients (pg-at/!L) Chl. a Prim. Prod.
Depth ‘s solo. Pol+ Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

s -. 2 20.826 0.43 4.89 0.05 0.01 1.06 0.116

E -. 2 -- 0.39 4.95 0.04 0.02 0 . 2 1 0 .350

u
0



Station Location and Number: B-7 Cape Simpson Date: 8/27/75

Air temperature: ~o Secchi disc depth: -- Water

Time: 1810

depth: 4’

Local weather and wind conditions: clear. wind 10-18 kts.

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T solo. Pol+ Sf NO 3 N02 NH4 (mglm3) (mgC/m2”hr)

s ~cl 24.937 -- -- -- -- .- 2.028

E 3° 24.490 -- -- -- -- .- --



Station Location and Number: B-8 Scott Point Date: 8/27/75

Air temperature: 2“5 Secchi disc depth: ‘- Water

Time: 1905

depth: 3’

Local weather and wind conditions: clear, wind 10-18 kts.

Nutrients (pg-at/fl) Chl. a Prim. Prod.
Depth 1’ s“/.. Poq Si NO j N02 NH4 (mg/m3) (mgC/m2*r)

(s Samples not taken at start of transect)

E -. 5 31.791 0.40 5.00 0.10 0.02 0.63 0.363



Station Location and Number: B-9 Pt. Barrow Date: 8/27/75 Time: 1930

Air temperature: 2..5° Secchi disc depth: ‘- Water depth: 4’

Local weather and wind conditions: clear, wind 10-18 kts.

Nutrients (pg-at/!L) Chl. a Prim. Prod.
Depth T s“/oo P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m2”hr)

s .5 22.564 0.17 2.01 0.19 0.01 0.21 0.223

E .5 25.914 0.27 3.49 0.10 0.04 1.06 0.241



Station Location and Number: B-10 Tangent Point Date: 8/29/75 Time: 1230

Air temperature: .5° Secchi disc depth: -- Water depth: 5’

Local weather and wind conditions:

Nutrients (~g-at/1) Chl. a Prim. Prod.
Depth 1’ solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3.hr)

[

o 1.8 24.870 0.26 1.41 0.06 0.05 0.84 0.443
s

15 1.8 25.447 0.27 2.16 0.15 0.07 1.50 0.702

No end sample taken here due to plane trouble.



Station Location and Number: P-1 Milne Point Date: 9/5/75 Time: 1430

Air temperature:
~o

Secchi disc depth: ‘-
Water depth: 5’

Local weather and wind conditions: overcast, fog, snow, wind O-5 kts.

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth T sol.. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m2.hr)

o -1.0 12.844 0.36 16.60 0.20 0.12 0.86 0.845



Station Location and Number: P-2 J3eechey Point Date: 9/5/75 Time: 1500

Air temperature: 0° Secchi disc depth: ‘- Water depth: 6’

Local. weather and wind conditions: overcast, fog, snow, wind O-5 kts.

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth T solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3.hr)

o -1.0 20.208 0.52 10.14 0.35 0.24 0.80 1.284



Station Location and Number: P-3 Egg Island Date: 9/5/75 Time: 1600

Air temperature:
00

Secchi disc depth: ‘-
Water depth: 3’

Local weather and wind conditions: overcast, fog, snow, wind O-5 kts.

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth T S“/oo P04 Si NO 3 N02 NH4 (mg/m3 ) (mgC/m2*hr)

o -1.0 22.126 0.71 8.00 1.19 0.06 1.86 .777



Station Location and Number: P-4 Prudhoe Bay Date: 9/7/75 Time: 104O

Air temperature: 4.3° Secchi disc depth: -- Water depth: 7’

Local weather and wind conditions: overcast; seas w 2’ ; wind 10 kts.; grease ice on bay

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T S“loo P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3.hr)

o .2 13.168 0.94 20.95 0.27 0.10 0.52 0.879

7 1.2 12.642 0.95 20.64 1.15 0.10 1.08 0.811



Station Location and Number: P-5 Prudhoe Bay Date: 9/7/75 Time: 1100

Air temperature: 4.3° Secchi disc depth: -- Water depth: 8’

Local weather and wind conditions: overcast; seas % 2’; 10 kts winds; grease ice on bay

Nutrients (~g-at/i) Chl. a Prim. Prod.
Depth T sol.. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/mS.hr)

o -. 8 14.054 0.73 19.21 0.16 0.13 0.94 0.714

8 -. 4 18.948 0.36 12.47 0.85 0.21 1.62 1.048



Station Location

Air temperature:

and Number:

4.3

P-6 Prudhoe 13ay Date: 9/7/75

Secchi disc depth: –- Water

Time: 1130

depth: 3’

Local weather and wind conditions: overcast; seas ~ 2’ ; wind 10 kts; grease ice on bay

Nutrients (pg-at/R) Chl. a Prim. Prod.
Depth T solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m:”hr)

o -. 8 17.317 0.57 11.21 0.37 0.17 1.29 0.545

3 - 1 . 5 (No bottom samples taken here)



Station Location and Number: P-7 Prudhoe Bay Date: 9/7/75 Time: 11’$5

Air temperature: 4.3 Secchi disc depth: ‘-

Water depth:
5?

Local weather and wind conditions: overcast; seas w 2’; wind 10 kts; grease ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T S“/oo P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3*r)

o -. 8 16.107 0.52 14.16 0.92 0.21 1.90 0.642

5 -1.2 19.497 0.58 7.91 0.24 0.39 0.60 0.946



Station Location

Air temperature:

and Number:

4.3°

P-8 Prudhoe Bay Date: 9/7/75 Time: 1215

Secchi disc depth: ‘- Water depth: 2’

Local weather and wind conditions: overcast; seas ~ 2’; winds 10 kts; grease ice on bay

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth T sol.. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o -1 20.579 1.28 10.38 0 . 0 8 0.57 0.88 1.169

2 - 1 (no bottom samples taken here)



Station Location and Number: P-9 Prudhoe Bay Date: 9/7/75 Time: 1230

Air temperature: 4.3° Secchi disc depth: ‘- Water depth: 7’

Local weather and wind conditions: overcast; seas ~ 2’; wind 10 kts; grease ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T s“/.o P04 Si NO z N02 NHq (mg/m3) (mgC/m3Qhr)

o -1 14.778 0.48 14.65 0.58 0.42 2.01 0.777

7 -1 12.317 0.43 20.92 0.08 0.30 1.09 0.533



Station Location and Number: P-10 Prudhoe Bay Date: 9/8/75 Time: 1000

Air temperature: 4.0° Secchi disc depth: ‘-
Water depth: 6’

Local weather and wind conditions: clear; wind O-5 kts; light ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T solo. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3.hr)

o .8 17.186 0.22 4.72 0.20 0.05 0.85 0.879

6 . 8 13.405 0.29 5.65 0.35 0.05 0.84 0 .630



Station Location and Number: P-n Prudhoe Bay Date: 9/8/75 Time: 1015

Air temperature: 4 . 0 ° Secchi disc depth: -- Water depth: 7’

Local weather and wind conditions: clear; wind O-5 kts; light ice on bay

Nutrients (pg-at/E) Chl. a Prim. Prod.
Depth T sO/OO P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3.hr)

o - . 8 12.570 0.47 20.20 1.19 0.11 1.82 0.436

7 -. 4 19.148 0.36 10.91 0.24 0.06 0.62 0.787



Station Location and Number: P-12 Prudhoe Bay Date: 9/8/75 Time: 1030

Air temperature: 4.0° Secchi disc depth: ‘- Water depth: 8’

Local weather and wind conditions: clear; wind O-5 kts; light ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T sO/.o P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m:*hr)

o 5 12.456 0.45 15.91 1.15 0.11 1.15 0.472-.

8 2 19.416 0.63 8.92 0.15 0.05 1.04 1.220-.



Station Location and Number: P-13 Prudhoe Bay Date: 9/8/75 Time: 1045

Air temperature: 4.0° Secchi disc depth: ‘-
Water depth: 6’

Local weather and wind conditions: clear; wind O-5 kts; light ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T sO/oo P04 Si NO s N02 NH4 (rng/m3) (mgC/m3.hr)

o - . 4 12..522 0.49 20.71 0.86 0.13 1.70 0.521

6 -. 2 16.811 0.36 14.48 0.40 0.10 1.39 0.606



Station Location and Number: P-14 Prudhoe Bay Date: 9/8/75 T im.e: 1115

Air temperature: 4.0° Secchi disc depth: ‘- Water depth: 5’

Local weather and wind conditions: clear; wind O-5 kts; light ice on bay

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T S“/.. P04 S i NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o -1 11.648 0.28 20.22 0.92 0.09 2.03 0.351

5 -. 5 17.687 0.38 8.33 0.23 0.01 0.74 0.845



Station Location and Number: P-15 Prudhoe Bay Date: 9/10/75 Time: 1030

Air temperature: 3.8° Secchi disc depth: ‘-

Water depth: 5’

Local weather and wind conditions: clear; wind O-3 kts.

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T sol.. POQ Si NO 3 N02 NH4 (mg/m3) (mgC/m2.hr)

o .5 16.067 0.17 14.35 0 . 1 1 0 . 0 0 1.03 0.557

5 .2 17.675 0.40 15.45 0.59 0.28 2.17 0.946

----
,r-
.-



Station Location and Number: P-16 Prudhoe Bay Date: 9/10/75

Air temperature: 3.8 Secchi disc depth: ‘-
Water

Local weather and wind conditions: clear; wind O-3 kts.

Time: 11OO

depth: 4’

Nutrients (Ug-at/!t) Chl. a Prim. Prod.
Depth T So/.. Poq Si NO 3 N02 NH% (mg/m3) (mgC/m:.hr)

o 1 . 0 17.572 0.27 15.61 0.10 0.07 1.26 0.424

4 .8 18.031 0.51 14.15 0.15 0.09 2.65 0.823



Station Location and Number: P-17 Prudhoe Bay Date: 9/10/75

Air temperature: 3.8° Secchi disc depth: -- Water

Local weather and wind conditions: clear; wind O-3 kts.

Time: 1200

depth: 23’

Nutrients (pg-at/fl) Chl. a Prim. Prod.
Depth T s“/OO P04 Si NO 3 N02 NHq (mg/m3) (mgC/m3.hr)

o .8 22.618 0.53 14.22 0.27 0.12 2.57 0.460

23 .5 23.091 0:72 11.80 0.56 0.09 1 . 2 3 0.606

m.- “
L, I

t-’



Station Location and Number: P-18 I?rudhoe Bay Date: 9/10/75 Time: 1300

Secchi disc depth: ‘-

Local weather and wind conditions: clear; wind O-3 kts.

Air temperature: 3.8° Water depth: 30 ‘

Nutrients (pg-at/l.) Chl. a Prim. Prod.
Depth 1’ So/.* P04 Si NO 3 N02 NHq (mg/m3) (mgC/m3.hr)

o

30

1.2 23.366

.5 24.959

0.50 11.47

0.70 10.17

0.14

0.82

0.07

0 . 1 0

0 . 9 3

1.47

0.279

0.465



Station Location and Number: P-19 Prudhoe Bay l)a~e: 9/10/75 Time: 1330

Air temperature: 3.8° Secchi disc depth: -- Water depth: 11’

Local weather and wind conditions: clear; wind O-3 kts.

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T S“/oo P04 Si NO j N02 NH4 (mg/m3) (mgC/mS.hr)

o 1.2 21.462 0.45 12.17 0.42 0.14 1.17 0.254

11 1.0 22.134 0.61 12.49 0.33 0 . 0 8 1 . 3 0 0 .509

:,:



Station Location and Number: P-20 Prudhoe Bay Date: 9/11/75 Time: 1330

Air temperature: 3° Secchi disc depth: ‘- Water depth: 7’

Local weather and wind conditions: cloudy with fog; wind 2 kts; ice cover in morning, cleared by 1300

Nutrients (Bg-at/L) Chl. a Prim. Prod.
Depth T sO/oo P04 Si NO 3 N02 NH4 (mglm3) (mgC/m~.hr)

o 1.5 15.494 -- -- -. -- -- 0.855

7 1 . 2 18.356 --- - - - - - - - - 1 .790



Station Location and Number: P-21 Prudhoe Bay Date: 9/11/75 Time: 1400

Secchi disc depth: --Air temperature: ~. Water depth: 8’

Local weather and wind conditions: cloudy with fog; wind 2 kts; ice cover in morning, clear by 1300

Nutrients (pg-at/i) Chl. a Prim. Prod.
Depth T So/.. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m2”hr)

o 1.2 16.227 -- -- -- -- -- 0.823

8 1.2 17.708 0.799-- -- -- -- --



Station Location and Number: P-22 Prudhoe Bay Date: 9/11/75 Time: 1430

Air temperature: 3° Secchi disc depth: -- Water depth: 19’

Local weather and wind conditions: cloudy with fog; wind 2 kts.; ice cover in morning, clear by 1300.

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T S“/o. POQ Si NO 3 N02 NH4 (mg/m3) (mgC/m:”hr)

o 1.2 23.166 -- -- -- -- -- 0.606

19 1.2 23.186 -- -- -— -- -- 0.545

m



Station Location and Number: P-23 Prudhoe My Date: 9/13/75 Time: 0945

Air temperature: 5.5° Secchi disc depth: -- Water depth: 5’

Local weather and wind conditions: overcast; SW wind 2-5 kts.

Nutrients (Ug-at/i) Chl. a Prim. Prod.
Depth 1’ S“/o. P04 Si NO s N02 NH4 (mg/m3) (mgC/m:.hr)

o 2.5 19.660 0.47 9.64 0.13 0.26 2.52 0.472

5 2.3 20.002 0.46 8.97 0.26 0.46 2.40 1.217



Station Location and Number: P-24 Prudhoe Bay Date: 9/13/75 Time: 1000

Air temperature: 5.5° Secchi disc depth: ‘- Water depth: 7’

Local weather and wind conditions: overcast; wind SW 2-5 kts.

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T s“/oo P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m8*hr)

o 2.2 20

7 2.2 20

491 0.45 10.77 0.54 0.28 1.03 0.799

832 0.47 10.33 0.15 0.29 0.67 2.907



Station Location and Number: P-25 Prudhoe Bay Date: 9/13/75 Time: 1030

Air temperature: 5.5° Secchi disc depth: -- Water depth: 8’

Local weather and wind conditions: overcast; SW winds 2-5 kts.

Nutrients (vg-at/fl) Chl. a Prim. Prod.
Depth T S“/o. P04 Si N03 N02 NH4 (mg/m3) (mgC/m3.hr)

o 1.9 19.571 0.21 11.26 0.80 0.80 1.25 0.799

8 2.2 20.693 0.29 10.42 0.38 1.10 0 . 9 4 0 .690



Station Location and Number: P-26 Prudhoe Bay Date: 9/13/75 Time: 1130

Air temperature: ~.~” Secchi disc depth: -- Water depth: 6’

Local weather and wind conditions: overcast; SW wind 2-5 kts.

Nutrients (vg-at/L) Chl. a Prim. Prod.
Depth T S“loo Poq Si No 3 N02 NHq (mg/m3) (mgC/m3.hr)

o 1.8 17.010 0.19 8.24 0.05 0.07 1.06 0.642

6 1.8 18.895 0.28 11.03 0.32 1.05 1 . 0 1 0 .690



Station Location and Number: P-27 Prudhoe Bay Date: 9/14/75 Time: 1030

Air temperature: 4.4° Secchi disc depth: -- Water depth: 5’

Local weather and wind conditions: clear, calm, wind O-2 kts.

Nutrients (vg-at/g) Chl. a Prim. Prod.
Depth T s“/oo Poq Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o 2.2 17.489 0.03 13.01 0.09 0.13 2.18 0.339

5 1.8 21.055 0.56 11.25 0.03 0.09 0.21 2.260



Station Location and Number: P-28 Prudhoe Bay Date: 9/14/75 Time: 1130

Air temperature: 4.4° Secchi disc depth: -- Water depth: 20’

Local weather and wind conditions: clear, calm, wind O-2 kts.

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth T S“/o. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3~hr)

o 1 . 5 19.314 0.16 12.64 0 . 0 3 0.13 0.21 1 .048

20 . 3 23.530 1.09 11.20 0 . 2 8 0.27 0.21 0 .744



Station Location and Number: P-29 Prudhoe Bay Date: 9/14/75 Time: 1200

Air temperature: 4.4° Secchi disc depth: -- Water depth: 19’

Local weather and wind conditions: clear, calm, wind O-2 kts.

Nutrients (Bg-at/fl) Chl. a Prim. Prod.
Depth T So/o. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3*hr)

o .3 21.759 0.45 9.96 0.12 0.15 -- 0.246

19 0 23.587 1.31 11.25 0.21 0.36 -- 0.777



Station Location

Air temperature:

and Number: I’-3O Prudhoe Bay Date: 9/14/75

4.4° Secchi disc depth: ‘- Water

Local weather and wind conditions: clear, calm, wind O-2 kts.

Time: 1300

depth: 15 ‘

Nutrients (~g-at/L) Chl. a Prim. Prod.
Depth 1’ solo. P04 Si N03 N02 NH4 (mg/m3) (mgC/m3.hr)

o 1.9 17.261 0.33 13.83 0.04 0.18 -- 0.173

15 .6 22.801 —- -- -- —- -- 2.330



Station Location and Number: P-31 Prudhoe Bay Date: 9/16/75 Time: 1015

Air temperature: 3.0 .Secchi disc depth: -- Water depth: 15’

Local weather and wind conditions: partly cloudy, swells, wind 5-10 kts.

Nutrients (pg-at/fl) Chl. a Prim. Prod.
Depth 1’ sO/oo P04 Si NO 3 N02 NHq (mg/m3) (mgC/m3”hr)

o 2.2 17.600 -- -- -. -- -- 0.642

15 1.4 20.872 -- -- -- -- -— 0.744



Station Location and Number: P-32 Prudhoe Bay Date: 9/16/75 Time: 1030

Air temperature: 3.0° Secchi disc

Local weather and wind conditions: partly cloudy,

depth: ‘- Water depth: 20’

swells, winds 5-10 kts.

Nutrients (pg-at/R) Chl. a Prim. Prod.
Depth T sO/ocl P04 Si NO 3 N02 NHq (mg/m3) (mgC/ms.hr)

o 1 . 2 22.217 .- - - .- - - - - 1 .180

20 1 . 1 22.258 - - - - - - .- - - 0 .702



Station Location and Number: P-33 Prbdhoe Bay Date: 9/16/75 Time: 1100

Air temperature: 3.0 Secchi disc depth: ‘- Water depth: 15’

Local weather and wind conditions: partly cloudy, swells, wind 5-10 kts.

Nutrients (pg-at/1) Chl. a Prim. Prod.
Depth T S“/o. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m3”hr)

o 1.9 20.767 -- -- -- -- -- 0.363

15 1.5 21.274 -- -- .- .- -- 0.744



Station Location and Number: P-34 Prudhoe Bay Date: 9/16/75

Air temperature: 3.0° Secchi disc depth: -- Water

Local weather and wind conditions: partly cloudy, swells, winds 5-10 kts.

Time: 1130

depth: 7’

Nutrients (pg-at/!2) Chl. a Prim. Prod.
Depth T S“/oo P04 Si NO 3 N02 NH% (mg/m3) (mgC/m3”hr)

o

7

2 . 0

3 . 0

14.567

18.690

-- --

-- --

--

--

-- --

--

0.630

0.879

‘%



Station Location and Number: P-35 Prudhoe Bay Date: 9/16/25 Time: 1400

Secchi disc depth: ‘-Air temperature: 3.0° Water depth: 6’

Local weather and wind conditions: partly cloudy, swells, wind 5-10 kts.

Nutrients (pg-at/fl) Chl. a Prim. Prod.
Depth T S“/o. P04 Si NO 3 N02 NH4 (mg/m3) (mgC/m2.hr)

o 2.1 20.067 -. -- -- -- -- 0.702

6 2.0 20.094 -. -- -- -- -. 0.879



Station Location and Number: P-36 Prudhoe Bay Date: 9/16/75 Time: 1430

Air temperature: 3*O Secchi disc depth: ‘- Water depth: 7’

Local weather and wind conditions: partly cloudy, swells, winds 5-10 kts.

Nutrients (pg-at/!Z) Chl. a Prim. Prod.
Depth T solo. Poh Si NO 3 N02 NHq (mg/m3) (mgC/m3”hr)

o 2 . 0 20.071 - - - - - - - - -. 0.375

7 1.7 20.097 -- -- -- -- -- 0.545



Station Location and Number: P-37 Prudhoe Bay Date: 9/16/75 Time: 1500

Air temperature: 3.0 Secchi disc depth: ‘-
Water depth: 5’

Local weather and wind conditions: partly cloudy, swells, wind 5-10 kts.

Nutrients (pg-at/L) Chl. a Prim. Prod.
Depth T S“/oo P04 Si N03 N02 NH+ (mg/m3) (mgC/m3.hr)

o 2 . 0 19.916 .- .- - - - - - - 0 .744

5 2 . 0 19.930 - - - - - - - - - - 0.507
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